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PREFACE. 



The Publishers having determined to republish my 
recent Article on the Consumption and Cost of Coal 
as it appears in the current number of the Edinburgh 
Review, I have thought it advisable to add two Articles 
upon other aspects of Coal and Coal Mining, which had 
previously appeared in the same Review. 

The second Article, which appeared in January, 1860, 
though nominally a review of the late Professor Rogers' 
work upon the Coal Fields of America, contains much 
general information upon the mineral fuel itself; and the 
third ArticlCi which appeared in April, 1867, although 
specially devoted to ,the cojisideration of Fatal Accidents 
in Coal Mines, nevertheless includes many details of 
Coal Mining, particularly as it is carried on in the great 
North of England Coal Pits, which will help to acquaint 
the reader with certain conditions of mining exercising 
a considerable influence upon the extraction and cost of 
coal. 

I have not thought it desirable to alter either the 
second or third Article, and have only added three notes. 

I have written an Appendix, in expansion of one or 
two topics briefly treated in the first Article, and with 
a view to put the reader in possession of the latest 
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information and figures respecting special matters of 
enquiry. The evidence very recently given before the 
Committee of the House of Commons, now sitting, 
remarkably corroborates the main positions and statistics 
advanced in my Article upon the Consumption and Cost 
of Coal; and some portions of this evidence which 
throw fuller light upon interesting topics are added in 
a condensed form. 

I likewise venture upon a forecast as to the future 
cost and supply of coal to ourselves, which will doubtless 
interest the general public, whose attention has lately 
been so anxiously directed to this important subject. 

J, R, L. 

London : May 1873. 
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I. 

CONSUMPTION AND 008T OF GOAL} 

The winteb through which we have just passed will long 
be memorable for the high price of coal, and the priva- 
tions which this cost has inflicted on the poor and the 
lower middle classes ; nor have any, excepting the rich, 
been insensible to the inconvenience arising from this 
cause. With the poor, indeed, it has been a matter of 
health or disease, of life or death, and only those who 
have habitually visited them are really aware of what 
they have suffered, and only in a less degree, are still 
continuing to suffer, from the lack of fuel. The com- 
monest topic of conversation has been this, and the daily 
enquiries on all sides were, * What has occasioned this 
immensely increased cost; how long is it likely to con- 

> L Report of the Commissioners appointed to inquire into the several 
Matters relating to Coal in the United Kingdom, 3 vols. 1871. 

n. Mineral Statistics of the United Kingdom of Great Britain and Ireland 
for the Year 1871. By Robert Hunt, F.R.S., Keeper of Mining Records. 
1872. 

HL Industrial Partnership, a Bemedyfor Strikes and Locks-out. A Lec- 
ture delivered at Sheffield, March 9, 1870, by Archibald Briggs. (Re- 
printed.) 1871. 
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L COAL AT HOME AND ABROAD. 

tinue ? who profits by it to the greatest extent ? and what 
have been and what will be the consequences in trade and 
commerce, as well as in household expenditure ? ' These 
are the enquiries which we propose to ourselves, and hope 
to answer, as far as the complexity of the whole subject 
will enable us to do so in one article ; and we shall con- 
clude by suggesting some issues of the gravest national 
importance, unless remedies be discovered and adopted 
for our present evils. 

The cause, or rather the causes, of the present cost of 
coal are several, and require to be distinguished one from 
another. There is a general, long-prevailing, and in 
some respects a happy cause for the increased cost — 
namely, the rapid general extension of our national in- 
dustries; the return of prosperity after a weary interval 
of depression ; and a remarkable revival of some particular 
industries which require a large supply of coal. So far, 
a great demand for coal is not a subject for lamentation, 
but for congratulation ; that is, the nation benefits at the 
expense and to the inconvenience of numerous individuals 
composing it. 

This fact is strikingly illustrated by the late very 
vigorous vitality of the iron manufacture and iron trade, 
which is mainly dependent upon the supply of appropriate 
coal. Ever since the invention of the puddling process 
the foundation of iron-making has been coal. Given a 
good supply of coal of a suitable quality, and almost any 
kind of iron can be made of marketable value by working 
and re-working it. Hence the quality of iron ore has 
become subordinate to the abundance of coal, and the 
great centres of the iron manufacture were naturally fixed 
on such coal fields as yielded the best and most ready 
mineral fuel. Yorkshire, Staffordshire, South Wales, 
Durham, and Northumberland have become the centres 
of iron because they are by nature the centres of coal. 
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It is popularly supposed that the excellence of iron 
depends on that of the ore, but in truth it is more directly 
dependent upon the coal ; for the amount of work put 
into the iron is equivalent to the quantity of fuel burnt in 
producing and re-working it. In Staffordshire about 
24 cwt. of coal (long weight, or 120 lbs. to the cwt.) are 
consumed in producing from pig-iron one ton of puddled 
iron, the rate of consumption being about four pounds 
per minute, or 240 lbs. per hour ; but in respect to the 
superior iron, with the most economical mode of working 
in the present practice of Staffordshire, the making of 
bars marked as ^ best, best, best,' corresponds to a con- 
sumption of five tons of coal per ton of iron made from 
the forge pigs, which themselves require about two tons 
of coal for their production. None of these quantities, 
however, are permanent by necessity.* Great improve- 
ments may, and we earnestly hope will, be realised. One 
should be instanced. Bessemer's process has saved us 
half a million of tons of coal in converting 150,000 tons 
of steel in one year,^ and it is said that a recent invention 

' A great saving in the coke and coal used in iion-making has been 
gradually effected of late years. We gather from Mushet that 5 tons of 
coal were necessary for h ton of pig-iron in 1810 in Staffordshire, and much 
more previously in the same country. In Mushet's time nearly 4 tons of 
coke were needed to produce a ton of pig-iron ; the latest information we 
have shows that at Witton Park, 23 cwts. of coke are required for each ton 
of forge pig-iron. 

2 It is estimated that in one year, 1869, the consumption of coal for the 
make of pig-iron was 16,337,271 tons, and the coal used in the conversion 
of this pig-iron into malleable iron was 15,859,335 tons. The total coal 
used, therefore, in our iron manufacture in 1869 were 32,207,706 tons. 
The pig-iron produce in Great Britain during 1871 exceeded six and a half 
millions of tons — ^viz., 6,627479 tons — and then the value of this produc- 
tion at the place where it was made was 16,667,947^. No doubt the iron 
produce of 1872 was much in excess of that of 1871} so that we may safely 
assume that at least 7,000,000 of tons of pig-iron were produced in Great 
Britain, and probably considerably more. I^roportionately additional coal 
•was consumed in obtaining this amount, and proportionately mor^ m 

B 2 
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of Dr. Siemen's for making steel will be equally effective 
in point of economj. 

The above refers only to one branch, though that is 
the principal branch, of our metallurgy. If we look to 
others we find similar results. In all sorts of copper- 
smelting, to take another principal branch, it is calculated 
that upon all kinds of ore the consumption of coal is not 
less than eighteen tons for every ton of copper produced. 
In 1859 Dr. Percy stated that in certain works from 13 
to 18 tons of coal (which then cost 5s. per ton) were re- 
quired to make one ton of copper, and that about half of 
this quantity was consumed in the first and second opera- 
tions of calcining and smelting. Hence copper works 
must be the first to suffer from an extraordinary rise in 
the price of fuel, which forms the largest item of their 
expenditure. Dr. Percy estimates that in works such as 
he supposes there would be an annual consumption of 
about 20,000 tons of coal, or for every ton of copper 
made from a mixture of ores yielding ten per cent, of 

preparing the copper, tin, lead, silver, and zinc wliich have to be added to 
the iron to arrive at the total of the make of metils during any year. In 
the same year (1871) there were 6,841 puddling furnaces at work in the 
kingdom. What, therefore, must have been the annual burning of coal for 
nearly 7,000 puddling furnaces, besides that for the forging of pig-iron, 
and for all the additional metallic productions simultaneously wrought ; 
and what will it continue to be every successive year? There is, indeed, 
some ground for hope of a small reduction in this particular demand by the 
introduction of mechanical methods of puddling iron. Dank's (American) 
Furnace has been much vaunted, and three large iron-works have arranged 
to introduce it in England ; one of these indeed has already found it to 
work satisfactorily. We observe that a Belgian Commission of Iron 
Manufacturers have discussed and reported very favourably upon the merits 
of this invention, and have visited Middlesborougli for the purpose of test- 
ing its applicableness in Belgium. The Keport of this Commission is very 
interesting to iron-workers, but we here only notice th« question of the 
saving of fuel by using it. The saving is not considerable, and the Keport 
says, * the consumption (of coal) ought not to be greater in Dank's Furnace 
than in others ; ' in fact the consumption during twenty-four hours repre- 
sented very nearly the consumption of an ordinary furnace with forced air. 
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copper, 18 tons of coal. Following out such elements of 
a general estimate, it was found in 1869 that 149,238 tons 
of coal were used in the entire smeltings of copper ores 
in Britain. Very large quantities of copper ores and 
regulus are brought to Swansea to be smelted from Chili, 
from the Cape, from Portugal and elsewhere, because it 
has hitherto cost less to bring the ore to the coal than to 
send the coal to the ore. 

In like manner we may pursue our enquiry into the 
consumption of coal for the reduction of all of the metallic 
ores raised by us or sent here. Keeping to the year 
1869, and adverting to lead, it was estimated that in 
smelting and desilvcrising the 966,868 tons of lead ore 
then raised, about 145,299 tons of coal were burnt, and 
that for the ten preceding years the average annual con- 
sumption of coal for such work of all kinds must have 
beeu 141,694 tons. If the lead ore imported by us in 
1869 be added, the estimate of coal consumed must be 
raised to 177,577 tons. Of zinc, it may be added, that 
if we include the large imports of that metal, our zinc 
smelters used, for the whole reduction of the zinc in the 
same year, as much as 231,176 tons of coal. 

The whole matter, then, resolves itself into a question 
of mineral instead of monetary capital and issue. We 
have a natural bank of bituminous or carbonaceous fuel, 
and the capital in that bank is a fixed quantity, while at 
the same time we have a manufacturing demand upon 
this natural bank which, in such times as the recent and 
the present, has amounted to a run. The whole nation, 
indeed, is running upon its natural bank, and in nature 
as well as in commerce the results are the same, with this 
difference, that the natural has not, like the national bank, 
any artificial system of adjustment. It has no prudential 
reserves, no raising of the rate of discount, except what 
manifests itself in the augmented cost of production. 
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This is in fact the correlative of the Bank of England's 
variations of the rate of discount. In the deep subter- 
raneous cellars of our bank of coal there is so much bitu* 
minous bullion^ and no more ; it cannot be added to, but 
can only be subtracted from ; there is no influx, but only- 
efflux ; therefore, if you draw too much by a sudden and 
simultaneous rush upon it, the pits' mouths are like the 
bank-doors — they must be closed for a time, or at least 
the price of the supply will be raised. 

We must be prepared to follow out this leading truth 
into all the departments of trade and manufacture, and to 
find that the coal famine, as it has been expressively 
called, has been caused by a strong demand for coal in all 
directions. Every householder and every manufacturer 
has presented his demand, and all of these cannot be met. 
The bituminous bank cannot raise its rate of production, 
but it can raise the cost of extraction, and does raise it to 
the dismay and disaster of all — even the comparatively 
rich. Everywhere gloom exists, and very gloomy appre- 
hensions prevail as to what is to come.^ Iron has not 
only of late advanced very greatly, but it is still rapidly 
advancing. Look at an ironmaker's circular, and you 
will read the same kind of intelligence as this, dated 
February 14 ult., from the representative of the great 
firm, in the following words : — * I beg to inform you that 
the price of Earl Dudley's iron this day has been advanced 
1/. per ton.' Of course other firms will follow their 

* The intelligence received from many quarters informs us of the partial 
or total close of several iron-works. How can they be kept in operation 
when the cost of smelting the ore, owing to the cost of coal, exceeds the 
profit derivable from the process ? It is impossible to work at a loss, and 
the question is will that loss be realised. The price of iron may be 
raised to a point at which foreign consumers cannot take it ; and when it 
cannot be sold to advantage, the principal part of this manufacture will be^ 
at an end in our countiy. (See our note at the dose of this article, on 
American diminished demands.) 
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leader. Bars are dearer than they were a year ago by 
2/., and yet the 12/. of the preceding February became 
16/. in July of last year. Advances up to March 14 of> 
this year have raised the best marked bars of Staffordshire 
throughout to 15/. and 16/. per ton. Nor are these ad- 
vances quite the largest in iron-making ; for in another 
description of the made metal the advance has been 40^. 
within five weeks ; if the advance within five weeks be 
40^., what will it be in five months ? Moreover, during 
the five months including and following after February, 
the demand is always the most urgent. 

Already the consequence of the increased price of iron , 
has told severely upon all undertakings largely requiring 
it. Our railways have suffered greatly, and the directors 
of all of them complained loudly at their last half-yearly 
meetings of this, the principal cause of diminished divi- 
dends. The recent report of the London and South- 
western Railway, while it gives a very favourable 
account of this company's affairs, mentions that the in- 
creased price of coal, from 155. Sd. a ton in 1871 to 
22s. lOrf. at present, has, in their requirements for loco- 
motives and traffic purposes, cost no less than 22,000/. in 
the accounts for the half-year. In the last statement of 
the North Staffordshire Kailway Company we read, that 
whereas the coal for their locomotives had previously cost 
them from Ss. to lOs. per ton (they drawing it from their 
own coal field), coal has recently cost them from ISs. to 
20*., and is still advancing. Colonial Railways have 
suffered like our own. The Great Indian Peninsular 
Railway in 1867 paid 51s. per ton for coal; for coke, 62^. 
a ton ; and for patent fuel, 54^. a ton. Nor are these the 
highest figures. The Madras Lines of Railway, as well 
as the Railway Companies in Western India generally, 
are dependent for coal upon England and share in its sur- 
charges for their fuel. Next to iron, gas-works probably 
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consume one-ninth of all the coal raised, and their con- 
sumption is in direct proportion to population and pros- 
peritjTr Every addition to the habitations of the metro- 
polis and large provincial cities and towns, must be ac- 
companied with gaslighting in streets and largely im 
houses. Gasometers appear in all directions, and gas 
companies will abound and thrive, until they also feel the 
cost of coal, and endeavour to raise the price of gas, from 
doing which many of them are by their Acts of Parlia- 
ment restricted; but ultimately they must follow the 
general and imperious law of higher prices or smaller 
profits to their shareholders. 

Our cotton manufactures require every year at least 
two and a half millions of tons of coal, and our woollen 
and worsted manufactures about one million and a 
quarter. In all the manufactures of textile fabrics, the 
disadvantage of a rise of price has been similar if not 
equal in amount. Manufacturers have declared that the 
high price of coal has been to them equivalent to an in- 
crease of from one halfpenny to one penny halfpenny in 
every pound of cotton. Curiously too, in the Stafford- 
shire Potteries situated in one coalfield, it has lately been 
found desirable to import coals from another. 

In whatever direction we look, nothing can at present 
be discerned but a constantly augmenting demand upon 
our coal fields. Steam power now makes a very large 
demand upon the extraction of coal, &nd we may warrant- 
ably compute it at between twenty-five and twenty-six 
millions of tons every year for the United Kingdom. 
When we add steam navigation to this, we can scarcely 
be in excess if we give in round numbers the large 
amount of thirty millions of tons of coal as the total 
annual requisite for all steam purposes in manufactures 
and navigation. Extended steam navigation, steam 
machinery, steam power appearing in numerous new 
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modes ; heatings lighting, cooking, the fashioning of most 
articles of luxury as well as of necessity, all depend upon 
coal as the prime motive power. 

In addition to the reasons for a rise already stated, 
another strongly operative cause is the immense and 
rapid increase of population. It has been computed that 
for every additional person born an additional ton of coal 
is required. We take this as an element of average, but 
if we examine the total quantities of coal annually raised 
in Great Britain from 1855 to 1870, we shall see that by 
a table which the Commissioners give (vol. iii. p. 178), 
the consumption of coal in relation to each head of the 
population ranges from two to three tons. This of course 
is a- fallacious view, since the demand for manufactures 
and metallurgy is included in the calculation. Since, 
however, the domestic consumption of coal in 1869 was 
estimated at 18,481,572 tons out of the total extraction 
of 107,427,557 tons, we may assume the domestic con- 
sumption at present to amount in round numbers to 
twenty millions of tons ; hence, too, we may fairly assume 
that an increased supply of at least one million tons is 
required every five years from the mere increase of popu- 
lation. The effect of this increase in the metropolis and 
its immediate suburbs is obvious. In every six minutes a 
child is born in London and its boundaries ; hence in every 
six minutes an additional ton of coal is required, although 
there is a partial compensation by simultaneous deaths. 
The increase of London during the ten years from 1851 
to 1861 showed that the population will double itself in 
forty years. London in sixty years of the present cen- 
tury has trebled its inhabitants. At the rate of doubling 
them in forty years, the number of inhabitants in London 
in the year 1901 may rise to 5,700,000 human beings. 
Some Londoners who read these pages may live to hear 
that there are six millions of fellow-creatures around 
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them, each one of wliom may need a ton of doah^' If 
die existing three and a half millions cannot obtain eoda 
enough at a moderate cost^ what will be the case of ihm 
successors, and, indeed, their future metropolitan cont^m* 
poraries? Add to this the entire future population of 
the United Kingdom, and the anticipation becomea 
appalling. Making all due abatement for ihe uiiceE^«^ 
tainty of statistical facts and deductions, appaUing is not 
too strong a term to apply to even a cautious andcipir 
tion. Conceive six or ten millions of Londoners and 
Suburbans making the same run upon the national bitu^ 
minous bank as we are now making — ^for mineral fuel in 
domestic heating and cooking, for street and house gas, 
and for various manufacturing purposes, while the same 
or similar restrictions of supply prevail— conceive dtat 
this issue may be realised, and then who will predict the 
result ? Coal has become as necessary to social life as 
food is to man. But if population really increased, as 
Mr. Malthus supposed, in a geometrical ratio, whilst the 
deposit of coal is not capable of any increase at all, it is 
evident that at no very distant period, it would be im- 
possible to obtain coal enough for all the wants of society 
— at least in this island. 

From the continual operation of these combined causes 
the reader will be prepared to credit the astonishing 
progress of coal extraction in the last few years. If we 
begin with the sixty-five millions of tons extracted in 
1857, and pass to the seventy-two (nearly) millions of 
tons extracted in the year 1859, thence proceeding to 
the ninety-eight millions of tons in 1865, we may advance 
at once to the one hundred and seventeen millions of 
tons raised in 1871 (the latest authentic return).^ It is 

* See Appendix, on the Output of Coal in the year 1872, where it is 
shown that the total output for the United Kingdom in that year was 
123,546,758 tons. This fact was unknown at the time the article was 
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therefore manifest that we have increased our coal extrac* 
tion by about fifty-two-millions of tons in fifteen years, 
and that the increased extraction during that period 
approximates to the total annual extraction of the first 
year. Furthermore, it seems highly probable that under 
present causes our total coal extraction will in five years 
hence be at least one hundred and thirty millions of tons 
for the year, in which case the entire coal production of 
Britain will have doubled itself within twenty years. It 
was said in 1865 that the rate of growth in that period 
in the aggregate annual consumption of coal, reckoning, 
each annual percentage on the previous year's consump- 
tion, amounted to three and a half per cent, per anniun.* 
For many years the consumption of coal has really been 
increasing at the rate of about four per cent, per annum, 
computed in the manner of compound interest ; so that 
in eighteen years our present consumption would be 
doubled, and in thirty-six years would be quadrupled, 
while in fifty-four years it would be eight times more 
than it now is. Be this as it may, as to its entire truth, 
the probability previously mentioned is exceedingly strong, 
viz., that if prices remained the same the present con- 
sumption would again double itself in the next twenty 
years ; and this startling conclusion prompts us to ask — 
whence are we to derive, and at what charges can we 
deliver, the amazing amount of two hundred and thirty- 
four million tons of coal in one year ? A year or two, 
more or less, before such a total extraction is realised is 
of little moment, for we are now in the midst and under 
the pressure of the consequences, and we have at best 
but a brief space of time left us in which we can 

* So stated by Mr. Jevons in his ^ork * On the Coal Question/ in which 
he anticipated that in 1871 the consumption would amount to nearly 
118,000,000 of tons. This is a very close approximation to Mr. Hunt's 
official return of 117|352,028 tons in 1871. 
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endeavour to diminish their severitj^ or to defer their 
aggravation. If we cannot succeed in so doing, no light 
calamity is impending over us of the present generation^ 
and a much heavier calamity upon our successors in this 
country, and perhaps in other countries. If the Bank of 
England were to break, the whole world would feel the 
monetary shock : and if the bank of British coal should 
fail, or approach to failure, it is certain that while many 
of our envious neighbours and remote competitors would 
rejoice, they themselves, with others, would participate 
in the evil effects of such a failure. A bankruptcy of 
British coal would shake the prosperity of all civilised 
Europe, as we shall now show that several other countries 
depend upon us for the coal we nuse and they import.^ 

Not only are we called upon to meet the wants of our 
own busy land, but several countries have made consider- 
able calls upon our coal resources, and are continually 
increasing their demands, insomuch that our present 
exports of coal are nearly four times as large as they 
were twenty years ago. 

France is the largest foreign consumer of our coal^ 
and the gradual growth of the exports to that country is 
truly remarkable. In 1812 we gave France a very small 
quantity of coal. In 1822, however, we sent there 
31,000 tons; in 1832 we exported as much as 37,000 
tons ; and in 1842 no less than 490,000 tons. Advancing 
to 1852, the birth year of the Second Empire, France 
obtained from us 652,000 tons. In 1862 it was found 

' Were our space ample we should enter into the consideration of possible 
retarding elements of demand. Mr. Price Williams* elaborate table may bo 
consulted in the Commissioners' Beport (voL i. p. xvi.). It is constmcted 
npon the basis of ratios diminishing according to certain views of his own. 
According to this table the annual consumption of coal at the end of another 
100 years would be 274,000,000 of tons; and furtlier, the Utal estimated 
quantity of coal available for use would be exhausted by consumption in 
360 years. 
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that the growth of manufacturing industry was so con- 
siderablQ that it had enlarged the coal demand of France 
upon us to 1,306,255 tons; while, in 1872, it rose to 
2,191,340 tons. Thus steadily have our expoi*ts of coal 
to France grown from a few to many thousands of tons^ 
and then to millions, so that the total increase in the fifty 
years, from 1822 to 1872, has been 2,160,235 tons. We 
find that the present total annual extraction of coal in 
France itself may be estimated at 14,000,000 tons, and 
therefore it appears that we send to it more than one- 
seventh of its own coal produce. In fact most of the 
same causes have there effected an increased consumption 
of coal as in Great Britain. Augmented steam power 
has led to augmented consumption of steam coal ; and 
as the French have in all likelihood doubled their railway 
mileage since 1853, so more coal has been wanted for 
locomotives. In nearly all the manufactures and trades in 
which we have prospered they have prospered in the 
same proportion, and coal has become as essential to 
them as to us. They also have wonderfully increased 
their own coal extraction, so that they can compare their 
present annual 14,000,000 tons with a mere extraction of 
770,000 tons in 1813; and they also will continually 
raise more coal themselves, and want more of our coal 
from us. They now take about one-sixth of the total 
shipped by us in exportation. 

Of Germany, with some differences of detail, nearly 
the same might be said. That country does not take 
quite as much coal as France, but it also will be con- 
tinually helping to drain us. South America took one 
million of tons, and Bussia three quarters of a million of 
tons of coal in 1872. The total amount of coal shipped 
by us last year to foreign countries was 12,092,000 tons^ 
showing an increase of 302,027 tons over the shipments 
of the previous year ; and every year our exports have 



14 COAL AT HOME AND ABROAD. 

been increasing^ althongh it was thought in 1869 that we 
had surely arrived at a Tnaximum when we shipped 
nearly ten and a half millions of tons^ and, including coke 
and anthracite, actually 10,837,804 tons. 

While existing commercial treaties last we cannot 
impose a duty on the export of coal, and it is against oar 
national policy to prohibit the exportation,- even if we had 
the power so to do. But there are still more decisive 
reasons against resorting to restrictive measures of this 
nature. They would tell in the most fatal manner 
against ourselves. A large portion of the coal we export 
is for the service of our own steamers in all parts of the 
world, and a great number of British ships are engi^ed 
in the foreign coal trade. Hence it may be inferred tiiat 
a heavy export duty on coal would be highly injurious to 
our maritime interests, and would be in tnith a disastrous 
tax on steam navigation abroad and on freight. 

So far we have dealt mainly with the quantities of 
coal extracted, and the rapid increase of this extraction ; 
but we are now brought to the consideration of prices — 
the cost of coal as well as its consumption ; and here we 
have a fluctuating instead of an actual constantly 
advancing and calculable element. We should be glad 
indeed to give this element fuller consideration than our 
space permits, because it tends to govern consumption, 
checking it when high and enlarging it when low. 

It is curious to examine the fluctuating prices of coal 
at a remote date and downwards to our day. So long 
ago as the year 1635 coals cost in London 10^. per 
London chaldron, the lowest price to which we can trace 
them, as well as the earliest date. In 1665 they had 
risen to 135., in 1761 to 24*. M., in 1768 to 36^., in 
1785 to 405., and in 1793 to 425. 6c?. per London chaldron 
in London. In 1805 we find them at 44^. 9fif., in 1810 
at 5\s, 8rf., in 1819 at 59^. \d. at the ship side in the 
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port of London per London chaldron of 25 cwts., which 
was rather less than half of the Newcastle chaldron of 
53 cwts. From this culminating price there followed a 
descent in subsequent years, down to SSs. 6d, in 1831. 
In 1832 the average price was 21s. lid. per ton, firom 
which a rise ensued to 23^. Sd. in 1839, and thence again 
a varying descent down to 20^. 2d. per ton, always at 
the ship side, and apart from duty. From all these 
details it seems that the price of 10^. per chaldron in 
1635 became doubled in 1761, and then again became 
more than doubled in 1793, when the price was 42^. 6d. 
per chaldron. There were, therefore, in old times causes 
in fuU operation which doubled and quadrupled the 
relative prices of coal, though we cannot now ascertain 
their precise nature; but we thus see how similar and 
fluctuating causes have in like manner sometimes doubled, 
and, as at present, even more than doubled, the cost of 
coals, to London consumers at least, who must deal with 
London coal merchants. Persons not paupers, but in 
the condition of economical lodgers, have this last winter 
been paying as much as five shillings for a single sack of 
coals of inferior quality. 

As the recent very high cost is now a special subject 
of enquiry by a Parliamentary Committee, it is needless 
here to dwell upon it, much as it has been talked and 
written about in all circles. Nobody, undeed, at present 
really knows where the chief blame lies, and to whom 
the chief gain accrues. We have conversed with mer- 
chants on the London Coal Exchange, with coal owners, 
with subordinate dealers, and with miners, but without any 
decided and clear result. Mutual recriminations are the 
fashion, and each class flatly denies the affirmations of 
the other. They must all be examined and confronted in 
order to elicit the truth. 

Some principal elements of the enquiry respectingrecent 
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and present cost are tolerably definite^ and maj be 
addaced* Thej are sach as these: an extraordinary 
demand occasioned by revived iron-making and manufac- 
ture has lately prevailed, so that for a year or two vastly 
more iron-workiDg has been in operation than for several 
previous years. A season of activity has succeeded one of 
prostration, and consequently a largely increased demand 
for coal has ensued, and raised its price. Many other 
leading manufactures have in a greater or less degree simul- 
taneously revived, and have in a greater or less measure 
demanded more coal. Coal miners well knew this, and 
naturally inferred that the coal owners were miilriiig 
immense profits, of which they, the workers, ought to 
have a share ; they struck for such participation in many 
coal fields, and made their wages rise by forty and fifty 
and in some few instances one hundred per cent, in little 
more than one year. The pitmen thought that they 
had the key of the situation, as indeed they temporarily 
had. Dear pit labour is dear coal ; dear coal is dear iron ; 
and dear metallic products aiFect commerce in general. 
Hence in winter we have cold comfort, and a cold home. 
Diminish colliers' wages, if you can, and you get, at least 
as many think, at the root of the matter. The pitmen 
advanced in their demands upon the owners or proprietors 
of pits, proportionately as they thought the owners were 
advancing upon the public consumer. The owners had 
too long been getting the lion's share, and the pitmen 
would have their fair share — being assured that their 
masters were gaining to a disproportionate extent. Upon 
this, the rise in pitmen's wages was made the ground of a 
further advance in the price of the commodity. 

Circumstances have lately brought matters to a crisis, 
and while the two classes were contending, of course the 
public had to pay, and to pay inordinately. On their 
side the pitmen have clever calculators ^^dth many figures. 
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and they fill their journals with strong assertions. The 
diflSculty is to discover the truth. Newspapers in all 
directions have published notes of the price of coal at the 
pit's mouth, and in London coal offices. The difference 
was so great that some middleman or middlemen must be 
public plunderers. Coals selling eighteen months ago, as 
Mr. Mundella avouched, at from I8s. to 20*. per ton are 
now, or recently have been, selling at from ASs. to 50*. 
per ton, while the miners' wages, which a year and a half 
ago were 2^. 6d. per ton, are now only 3*. 2^(1. per ton. 
Were this a persistent condition the rise rests either with 
the coal owners or coal merchants, or upon both in com- 
bination. 

Now let us listen on the other side to a coal owner in 
conference with his miners and others, one of the few who 
has consented to explain as well as to complain that he 
lay under unjust odiiun. At the Clifton Collieries, near 
Nottingham, the new proprietor lately asserted that it 
could be shown by the books that out of the increased 
prices current labour now received a very much larger 
proportion of the increase than the proprietary. He 
entered into details and averred that in 1870 the * stall- 
men' (the workers in the stalls^ or mining galleries), 
received 2s. Sd. for getting a ton of coal, and the wages 
paid to the unskilled labourer were from 3^. to 4^. 6d. 
a-day. Now the stall-men receive 4^. 3d. for getting a 
ton, equal to 95 per cent, of increase on their previous 
daily pay, while the day-labourer can earn 6s, M, a-day. 
Considering the large addition of outlay required by the 
almost doubled price of timber and rails, the proprietor 
contended that the labourer got a larger proportion of 
the increased price of coals than he himself did, although 
the realised price of coals is now 12^. ^d. a ton, whereas 
in 1870 it was but 6#. 9d. per ton. He, the proprietor, 
was now receiving, as the capitalist, on this excessive rise 

c 
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a profit of 17^ per cent, upon Iiis sales, whfle labour is 
actually realising 75 per cent, additional as compai^ed 
with tibe wages received in 1870. Such Is the best 
exculpation, upon an owner's part, within our reach. 

In continual perplexity, we turn again to the pitmen, 
and ask, ^ What is your comment upon this explanation?' 
* A denial of the statement,' they reply. The best method 
of illustrating this denial is to proceed to the great coal 
fields of the North of England, and to take the facts 
there offered to us on the side of the miners, by a local 
paper. In these great coal fields the owners are aflirmed 
to have been realising about 1 3^. per ton on the prices of 
coal maintained for a year past, and if so their^galns must 
be inordinate ; for the thirty millions of tons of coal now 
annually raised in Northumberland and Durham would,. 
at 135. per ton of profit, yield a clear revenue of more 
than nineteen, or nearly twenty, millions of pounds. 
Amongst how many owners is this distributed ? It is said 
that the large owners in the two northern counties num- 
ber about two hundred, each of whom, therefore, would 
realise nearly as much as 100,000/. in one year; a 
princely income, indeed, and a liberal reward for the 
exercise of ^ an enlightened self-interest ' ! 

There is a third party, or a third plunderer in public 
estimation, whom we have in passing to consider — the 
great London coal merchants. Their name is not 
^ Legion,' for they are said to number hardly twenty ; 
but their alleged misdeeds are very suggestive of an 
unholy alliance, and certainly they have plagued us very 
sorely, and could not be cast out. It has been said that 
they have kept back coal, and artificially raised its price, 
and that they have ' rigged ' the London coal market as 
stockbrokers often ^ rig ' the Stock Exchange. It is not 
our duty to examine, or charge, or exculpate them, only, 
till they are publicly and clearly exculpated, they must 
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expect to bear a bad name. Unluckily for them appear- 
ances are against them, and they must make their case 
much clearer than it is, if they would escape from general 
obloquy. 

The recent diminished output of coal from our principal 
coal fields is a consequence not a cause, or, at all events, 
only a secondary cause, of high prices. Here we have 
only to establish the fact that the output has of late been 
considerably less, and we shall be led to the conclusion 
that by contrivance and collusion it can at any similar 
conjuncture of conditions be brought about in like man- 
ner, if not in like measure. 

From Durham the output in 1872 was less than it was 
in 1871 by 360,000 tons. In Lancashire the amount of 
coal raised in January 1873 was from three to fifteen per 
cent, below the average, and in some other districts about 
twenty-five percent, below the average brought to bank.* 
It is very difficult in such disturbance of the equilibrium 
of a great trade to trace and assign to each disturbing 
element its prime value. This it will be the duty of the 
Select Committee recently appointed to enquire into this 
subject to accomplish. 

* If we compare the chief railway deliveries of coal from the collieries in 
the chief coal fields of our country for two consecutive months, viz., 
December of last year and January of the present year, we discover a 
singular falling off in the amounts carried to London in January, although 
that was by far the colder month. Taking some examples in the Yorkshire 
coal fields, the Great Northern Eailway carried only 65,125 tons in January 
as against 91,181 in December. Of the Silkstone coals, which have been 
much used in London for household purposes, 9,248 tons were brought in 
January against 14,319 in December; and of the Bamsley thick coal only 
11,509 tons were carried in January as against 15,677 in December. 

By the Midland Railway, which serves the Derbyshire coal fields, there 
arrived 80,775 tons of coal in January, but in December 90,511 tons. The 
same contrast might be drawn in relation to other coal fields ; and from 
this it is manifest that by so much less coal than ordinary was delivered to 
liondoners, and London coal merchants were compelled to charge more 
unless they themselves conspired to keep back the delivery. 

c 2 
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We say little respecting existing or previoas staikes, 
because these are phenomena of passing times, often taily 
detailed in the journals of the day, and happily forgotten 
when past, though unhappily the lessons they convey are 
equally forgotten. If the terrible sufferings produced 
by every great strike were remembered, and if the results 
of experience were recorded and acted upon, such strikes 
would seldom, if ever, recur. Existing strikes may slowly 
or suddenly cease, and presently discordant elements will 
disappear, but the permanent and progressive causes of 
demand which we have been anxious to elucidate, will 
continue, unless we can institute radical and national 
economies. In all our observations we have more regard 
to these lasting economies than to temporary questions of 
cost, however urgent. In all such considerations we have 
to look at great natural and commercial conditions, to the 
countervailing evils which follow an excessive national 
prosperity, and to the fact that our national prosperity is 
founded upon coal and our manner and rate of using 
it. The misfortune is that our knowledge grows only with 
our exigencies, and that our exigencies alone quicken our 
desire for knowledge. Most of the information that the 
great public have gained about coal has reached them 
very late, and not only late but also in irregular instal- 
ments. What has been buried in ^ blue books ' ousrht to 
have been published on the housetops. 

It is an elementary proposition in political economy 
that a rise of prices tends to correct itself by a twofold 
influence : it increases supply by attracting more labour 
to a profitable field, and it restricts demand by reason of 
the increased cost of the commodity. But in this case of 
coal, these general principles have been counteracted by 
some peculiar and exceptional causes. The rise in prices 
and in wages, instead of bringing more labour into the 
market, diminished the actual quantity of work done; 
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because the colliers, finding they earned as much by three 
days' labour as they had earned before in five days, pre- 
ferred to take more leisure rather than more money. 
Although wages had advanced 40 per cent., the total 
amount earned in many of the collieries was positively less 
than it had been before the rise. Of course the * output ' 
of the pits diminished in the same proportion ; and the 
colliers found that the less they worked the more highly 
they were paid. This depended on their having a virtual 
monopoly of labour in the pits, owing to the diflSculty of 
training new men to so laborious and repulsive an employ- 
ment, and to the opposition the men would themselves 
offer to any new comers. The only true remedy of the 
evil is, in our opinion, to be found in absolute freedom of 
labour. The men have a right to refuse to work more 
than three days a week, if such is their pleasure; but 
they have no right to combine against the introduction of 
independent labour from other quarters. To leave the 
pitmen in possession of an exclusive right to work the 
collieries would be to leave the fate of the nation in their 
hands. Other underground men can be foimd, or 
machinery can be introduced. It is impossible to admit 
that the price of coal is to be permanently raised by a 
monopoly of the labour which extracts it. 

Freedom of labour may restore the supply ; to limit the 
demand we must look to economy : and in this view of 
the case, we are not sorry that the people of England 
should have had a severe lesson on the clumsiness and 
extravagance of their arrangements for producing heat. 
The extreme abundance and cheapness of coal had made 
this country the worst provided in the world in its 
domestic arrangements for warming and cooking. The 
same amount of warmth may be obtained at one-fifth the 
expense of fuel ; and the huge British kitchen range is 
absolutely destructive of all good cookery. Recent im- 
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provements in steam boilers have demonstrated that an 
equal economy is quite practicable in the production of 
steam power. Henceforth the profits of trade will be 
found to depend to a considerable extent on a strict 
economy of fuel. 

The Commissioners whose Reports we have placed at 
the head of this article are half a century too late, and 
diligent as they have been, in this case tiie hand of tiie 
diligent has not made us rich, but displayed our poverty. 
The emergency in which we are now placed was not and 
perhaps could not have been anticipated by tiiem, and so 
we really mourn "vvith a justifiable sorrow as we turn over 
page^ after pages of details which have littie present or 
practical utility. On some main points, however, they do 
afford us valuable information. 

When we arrive at an examination of the evidence for 
the total amount of coal probably remaining to us in ibis 
country we have first to estimate the total, and then to 
draw a line between the available and the inaccessible 
coal. There is in all geological probability a vast quan- 
tity of this mineral fuel buried at inaccessible depths. 
Taking for the moment the extreme limit of accessibility 
at 4,000 vertical feet, there are beneath that limit, accord- 
ing to well-founded conjectures as to what lies below and 
between the Permian and other newer strata, about 
41,144 millions of tons of coal. This last total is com- 
posed of more than 29,341 millions lying at depths vary- 
ing from 4,000 to 6,000 feet, while 15,302 millions might 
be found at depths of from 6,000 to 10,000 feet. In 
respect of the temperature of the earth, that would be 
150^ Fahr. at a depth of 6,000 feet, while it would be 
215^ Fahr. at a depth of 10,000 feet, that is three degree 
above the temperature of boiling water at the sea-level. 

Within the area of known coal fields, about 7,320 mil- 
lions of tons of the mineral fuel lie at greater depths than 



CONSUMPTION AND COST OF COAL. 23 

4,000 feet ; and of this quantity probably 5,922 miUions 
of tons rest between the limits of 4,000 and 6,000 feet in 
depth, and the remaining 1,397 millions of tons at between 
6,000 and 10,000 feet. Hence the combined totals of all 
coal conjectured to lie at greater depths than 4,000 feet 
is a little more than 48,466 millions of tons. If our 
posterity can in any way contrive to reach and extract 
any of this deep coal, by so much will they be the warmer 
and the wealthier, and in order to become both they must 
necessarily be also wiser in economy than ourselves. They 
may, however, be cleverer and yet be colder. 

Our own concern is restricted to shallower coal ; and 
the Commissioners, after instituting careful and extended 
enquiries, inform us that the probable quantity of coal 
contained in the ascertained coal fields of the United 
Eongdom is 90,207 millions of tons, while the quantity 
which probably exists at workable depths under the 
Permian, New Red Sandstone, and other superincumbent 
strata in our kingdom is 66,273 millions of tons ; together 
forming an aggregate of 146,480 millions of tons of coal, 
which may be reasonably expected to be available for 
future use from the time of enquiry. 

The essence of all the researches and conjectures as to 
the probable duration of the above-named quantity may 
be given in a few lines. Basing these estimates upon 
present consumption (it is important to distinguish this 
from increasing consumption), the relation which the 
total amount of 146,480 millions of tons bears to the 
consumption of 115 millions of tons (in 1871) is as 
follows : The available total just stated will support our 
production as at present for 1,273 years; the same 
quantity would support an annual production of 146 
millions of tons for one thousand years ; and one of 175 
millions for eight hundred and thirty-seven years. 
Doubling the recent annual consumption, that is making 
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it 230 millions of tons, this would be sapported by ibe 
estimated supply for six hundred and tfairty-dx yean. 

Such is the shortest and most popular mode of stating 
the results of a long and laborious investigation bearing 
upon the future. The concluding expressions of the nine 
competent Commissioners in their General Beport on 
this enquiry are well worth quotation. 

Whatever view may be taken of the question of the duration 
of coal, the results will be subject to contingencies, which cannot 
in any degree be foreseen. On the one hand, the rate of con- 
sumption may be thrown back to any extent by adverse causes 
affecting our national prosperity; and on the other hand^ new 
discoveries and developments in new directions may arise to 
produce a contrary effect upon the consumption of coal. Eveiy 
hjrpothesis must be speculative ; but it is certain that if the 
present rate of increase in the consumption of coal be indefinitely 
continued, even in an approximate degree, the progress towards 
the exhaustion of our coal will be very rapid. 

In all the foregoing estimates of duration we have, for the 
sake of simplicity, excluded from view the impossibility of sup- 
posing that the production of coal could continue in full operation 
until the last remnant was used, and then suddenly cease. In 
reality a period of scarcity and dearness would first be reached. 
This would diminish consumption and prolong duration; but 
only by checking the prosperity of the country. 

The absolute exhaustion of coal is a stage which will probably 
never be reached. In the natural order of events the best and 
most accessible coal is that which is the first to be worked, and 
nearly all the coal which has hitherto been raised in this country 
has been taken from the most valuable seams, manv of which 
have in consequence suffered great diminution. Vast deposits of 
excellent and highly available coal still remain, but a preference 
will continue to be given to the best and the cheapest beds; and 
as we approach exhaustion the country will, by slow degrees, 
lose the advantageous position it now enjoys in regard to its coal 
supply. Much of the coal included in the returns could never 
be worked except under conditions of scarcity and high price. 
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A time must even be anticipated when it will be more economical 
to import part of our coal than to raise the whole of it from our 
residual coal-beds ; and before complete exhaustion is reached, 
the importation of coal will become the rule, and not the excep- 
tion, of our practice. Other countries would imdoubtedly be in 
a position to supply our deficiencies, for North America alone 
possesses tracts of coal -bearing strata as yet almost untouched of 
seventy times the area of our own. But it may be doubted 
whether the manufacturing supremacy of this kingdom can be 
maintained after the importation of coal has become a necessity.^ 

Respecting the possibility of working at great depths 
below the surface, the Commissioners took great pains to 
obtain evidence, and to form sound opinions. They 
printed a series of seventy-nine questions, and distributed 
530 sets of these in circulars, to which the replies appear 
to have been exceedingly disproportionate, although the 
viva voce evidence which they obtained was sufficient. 
In brief, their conclusions are as follows : — The workable 
depth of coal mines depends upon human endurance of 
high temperatures and the possibility of reducing the 
temperature of the air in contact with heated strata. 
The mechanical difficulties connected with increased 
depth, and the cost of steam power for hoisting the 
deeper coal, do not appear too formidable; while the 
extra pumping of water is met by the presumption, that 
water is seldom met with in mining for coal at great 
depths, nor, as a rule, are deep mines more liable to 
inflammable gas than shallower mines. 

The increase of temperature, then, is one main point of 
consideration. In this country the earth's temperature 
is constant at a depth of about 50 feet, where the tem- 
perature is 50** Fahr. The rate of increase of tempera- 
ture is in onr coal mines generaUy V Fahr. for every 60 
feet of depth* It is questionable, however, whether after 
a great depth the rate of increase does not prove imnre 

^' General Report, toL L pp. xrii — ^zriiL 
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rapid than before. The best test we have is that of the 
deepest coal pit in Great Britain^ viz. , that at Kosebridge 
near Wigan, where the shaft is now 2,376 feet deep, and 
is still descending lower and lower. There the ratio of 
heat-increase agreed with the ordinary rate down to a 
depth of 1,800 feet, after which it became considerably 
more rapid. At the lowest point of the sinking the 
thermometer indicated 92° Fahr. 

Much more is said about temperature, and its equality 
and diversity, but the few foregoing and following facts 
are enough to enable us to imderstand the conclusions in 
relation to it. What is the maximum temperature of air 
compatible with the healthful exercise of human mining 
labour ? Now the normal heat of our blood is 98°, and 
fever heat commences at 100°, and the extreme limit of 
fever heat may be taken at 112°. Dr. Thudicum, a 
physician who has specially investigated this subject, has 
concluded from experiments on his own body at high 
temperatures, that at a heat of 140° no work whatever 
could be carried on, and that at a temperature of from 
130° to 140° only a very small amount of labour, and 
that at short periods, was practicable ; and further, that 
human labour, daily and during ordinary periods, is 
limited by 100° of temperature as a fixed point, and then 
the air must be dry ; for in moist air he did not think 
men could endure ordinary labour at a temperature 
exceeding 90°. Dr. Sanderson added useful testimony 
in detail leading to a similar conclusion, observing that 
gymnastic exercises can be practised by men in high 
temperatures up to a certain point, but that immediately 
when the temperature of the body rises to 102° or 103° 
Tahr., then all capacity for further exertion ceases. A 
case in Cornwall was instanced of the excavation of 
mining galleries where the air was heated by a hot spring 
to a temperature said to amount to 117^ Dr. Sanderson 
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visited this mine^ and found the highest temperature to 
be 114^° Fahr.3 and the total duration of each of the 
men's work who were there engaged was less than three 
hours in the twenty-four. When urged to express the 
limit of temperature which he considered consistent with 
continuous healthy labour during five hours at a time. 
Dr. Sanderson replied, 90** Fahr., with the observation, 
that a man could not or would not do as much work in 
moist air at 90° as he could in ordinary conditions ; and 
even at 90° the loss of working power would be very 
considerable. 

The temperature of the earth at 3,000 feet deep would 
probably be 98° in England. Under what is technically 
called the long-wall system of working the coal, a dif- 
ference of about 7° appears to exist between the temper- 
ature of the air and that of the strata at the working 
faces, and this difference increases 4 per cent, a further 
depth of 420 feet; so that the depth at which the temper- 
ature of the air would become, under present conditions, 
equal to the heat of the blood, would be about 3,420 feet. 
As to depths beyond this the Commission declined to 
speculate, but they thought that the ultimate limit of 
coal-working could be reached. Still many important 
details in the evidence on this question would, it appears 
to UB, have to be reconsidered in all such deep coal-mining. 

Besides the physical capacity of human endurance and 
existence at any such depths, the increased cost of 
working and winding up the coals, the greater wear and 
tear of materials as well as men, and the augmented 
difficulties of penetration and extraction, and of propping 
up roofs, would have to be considered, and would aU 
tend to enhance the cost of coal, until perhaps such 
increased cost would bear such a large proportion to 
increased depth as to cause the financial to equal or 
exceed the mechanical obstacles. The deeper the pits 
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the larger the initial cost and the greater all subsequent 
expenses. If to win coal lying at a depth of, say 2,000 
feet, costs 100,000/., to win coal at 4,000 feet might 
require 250,000/. Add to this that the rise in the cost 
of all mining materials has been as great as in other com- 
modities, and we foresee limits financial and limits mechan- 
ical both combining against us ; and where human free 
will, or rather ill will, superadds its opposing combination, 
it would hardly help us if half our earth were composed 
of coal or down to its centre while we could not use it. 

* Waste not, want not,' is a proverb as applicable to 
coal as in common life. We have wasted coal and 
therefore we do want it, and we have wasted in several 
ways, and to a most lamentable extent. Every one 
acquainted with coal-mining knows how much of this 
invaluable fuel has been absolutely and for ever lost by 
bad methods of working. It may be affirmed that during 
many years the amount of coal wasted by leaving pillars 
needlessly large to support the roof, by clumsy and quite 
unscientific methods of getting the coal, and by rough 
modes of carrying and delivering it, has amounted to fifty 
per cent, of the total ; that is, that fully one-half as much 
coal has been wasted as has been delivered to the consumer. 

It is melancholy also to learn that in what is termed 
the ^ waste ' and the * goaves ' of many large coal pits, 
some of which have been shut for ever, thousands upon 
thousands of tons of the best coal lie buried as in a 
fathomless sepulchre. Improvements in mining in the 
North of England have allowed of a much less wasteful 
extraction there than previously; but taking all our 
coal fields together, the ordinary and unavoidable waste 
amounts to at least ten per cent, of their whole delivery, 
while the avoidable waste sometimes reaches thirty or 
forty per cent.* 

' One singular example of waste is that of the * pit-heaps,* which are 
known to colliers. We ourselves Wvre wont to look at these vast mounds of 
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Early miners in newly explored districts will naturally 
perform their work in a primitive manner^ and hence we 
are not surprised to hear that similar wastefulness charac- 
terises the working of the coal fields of other countries. 
An American authority estimates the entire waste in the 
mining of the anthracite of Pennsylvania as fifty per 
cent, of the total extracted. This loss of mineral seems 
the more inexcusable as the greater part of the present 
delivery of anthracite is extracted from a single bed 
called the Mammoth Seam* That seam is now exhausted 
above water level, and is known to depreciate below. If 
the extraction should increase like our own, and augment, 
as it is said now to do, by about five per cent, per annum, 
and should double itself in twenty years, it is easy to 
foresee the imminent exhaustion of that immense coal 
seam at available depths. 

Out of all the coal which we have been burning for 
centuries nothing is surer than this, that we have never 
obtained a quarter of its theoretical heating value. We 
have squandered our mineral fuel like prodigals, with no 
better excuse than that we were in part helpless in our 
prodigality. As we know that our steam boilers now 
consume scarcely half as much coal as they consumed 
ten years ago, and as the present calorific effect is only 
one- eighth of the coal actually consumed, what must 
have been the waste of coal retrospectively for many years I 
In fact we may be said to have been burning coal in 

smaU eoal, wbidi had by annual accnmnlations sweUed into rerj consider- 
able moonda, and to vonder at the fearfnl wa«te of fdel therein inrolred. 
Many jean ago we stood npon an eminence at South Hetton, and looked 
over a rast area of these pit-heaps, which, in some instances, were burning 
awaj during the night. AU the colliers had free access to these accumu- 
lations of smaU coal, and filled their scuttles as often as thej pleased. 
Now, hoverer, the just re t ri b u tion has arrired. These neglected pit-he^^ 
hare beeome raluaUe and chaigeable ; and what had beenzeeklesslj wasted 
for half a e euUiij is now sought with monej and the remnants aie sold to 
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systematic waste ; eTcn now our knowledge of the laws 
of heat, and the adaptations of mechanism, do not com- 
bine in our favour as we should expect from the rapid 
advances of practical science. Other countries have 
been and are more economical in the comsumption of coal 
in their boilers, and this, as well as the great cost of the 
fuel, should stimulate the inventiveness of our mechanical 
engineers. Some of them think that we cannot con- 
fidently anticipate immediate economy of fuel. They 
argue, that since we cannot transfer above one-eighth of 
the total into mechanical power, while the natural con- 
ditions remain the same, and the same materials are acted 
upon, we must not expect a future economy of more than 
two-sevenths, and that even this economy will probably 
only be effected in the next generation. 

As the consumption of coal in iron works of all kinds 
consists of about one-fourth of our whole extraction, it 
would be highly desirable if a considerable economy could 
be effected in this department of industry. But we have 
little immediate hope of its realisation. We have said 
that Bank's rotary furnace is not expected to save much 
fiiel, nor do other hoped-for improvements promise much 
more immediately. Jn other branches of metallurgy 
there is similar waste of coal, but there is little prospect 
of saving excepting in copper works, where economy is 
plainly possible. 

Nearly every householder has been lately discussing, 
and often adopting, expedients for economising his costly 
fuel, and much has been written and said about grates 
and stoves, and bricks and iron plates, and fire-balls. 
Here again we want because we have wasted ; we have 
all been using open grates, and these probably deliver to 
our apartments an amount of heat which may be repre- 
sented as one-twentieth of the total heat capable of being 
extracted from the fuel they consume. When, however. 



CONSUMPTION AND COST OF COAL* 31 

we are advised to throw forward our domestic grates, we 
have only a very partial remedy proposed to us. Throw 
them as far forward into our rooms as we will, the heat 
radiated will only be effective while it issues from lumi- 
nous fuel, and luminosity depends upon quantity and 
quality of coal. A material saving might, however, be 
effected amongst the poor by the adaptation of the small 
Belgian stove, which travellers may have seen in use in 
Belgium. This is very serviceable; but the people of 
this country will long continue the old and wasteful 
grates, for they dislike stoves of all kinds. 

A number of methods of economising fuel will suggest 
themselves to all large consumers of coal. No doubt 
many steamers will coal at foreign ports for a time, and 
similar expedients may be adopted in certain departments 
of manufacture. But if we siun up all of these savings, 
and look at them as hopefully as we may, the utmost 
early diminution which they may produce in our annual 
consumption will not, we fear, be very considerable, and 
tiie sudden loud cry for universal economy in coal will 
die into silence without an echo. Those who sagely 
counsel us to reduce our consumption and extraction 
within definite limits, such as eighty or fifty millions of 
tons annually, would do well to point out the methodsr 
and the probabilities of any such diminution. There is 
really little hope of it; a prohibition of exports would 
save most, and the most readily; domestic thrift would 
secure some considerable saving, but not so much as (is 
vaguely expected ; metallurgical and manufacturing 
economy is the most important, but not immediately the 
most promising, element of hope; so that we are re- 
luctantly brought back to rest upon unwelcome conclu- 
sions. Even if Government were to buy up and work 
all our coal mines — ^which, however, it cannot and will 
not do — the diflSculty would only be shifted from the 
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shoulders of coal owners and workers to the shoulders of 
GoTernment ; for it is plain that the natural conditions 
of the extraction and delivery of the mineral would 
remain the same^ while all the trouble of management^ 
and strikes^ and social disorders would accompany the 
transfer of the burden. The power of the State cannot 
be brought to bear upon class contentions without changing 
our system of Government. 

Having thus adverted to some impracticable suggestions 
for our present diflSculties, let us take others and more 
apparently feasible ones into brief consideration. What 
are the present and prospective remedies for, or allevia- 
tions of, the existing and future scarcity of coal ? and 
what can we do to prevent an aggravation of our present 
calamity? Let us advert to the several probabilities 
which we calculate upon from our present and past 
experience. 

In respect of human labour in coal pits, it is hard to 
see how it can or will become continuously cheaper, 
though it will perhaps materially abate its present 
extravagant pretensions. We must exclude moral and 
educational possibilities from the consideration ; for so 
long as Trades' Unions continue powerful, and working- 
men remain inaccessible to argument and reason, it is vain 
to offer them enlightenment. All, however, who have 
opportunity should show these deluded miners that they 
are working mischief not only to the nation but to them- 
selves, and not merely moral but also pecuniary mischief. 
If they reduce their amount of labour, by so much do 
they shorten the supply and raise the cost of coal to the 
public, and especially to their own order, the artisans and 
the poor. By enhancing the cost of coal to consumers, 
they will ultimately advance the cost of nearly every 
necessary of life produced in this country, and living 
will become dearer to colliers themselves. Their wages 
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will purchase less, and though these should be nominally 
higher, they may in time be relatively lower. This 
and other certain evil consequences, both personal and 
national, might be orally explained in lectures, or printed 
in simple tracts and largely distributed. 

The pitmen being commonly an isolated class of work- 
men are strongly prejudiced, and pride themselves upon 
their labour being skilled and difficult of acquisition by 
navvies ; and so it certainly is, more particularly in the 
thinner seams of coal, and in the deep mines, as well as 
in the inner recesses of deep mines. But the skill is 
chiefly amongst the hewers, and the other kinds of 
workmen are decidedly wrong in magnifying the skill 
required by them, for much of it is merely hard work. 
The art in hewing is that of bodily adaptation and 
posture, not that of delicate fingering and quick thought 
and eyesight. There are a dozen kinds of skilled labour 
greatly more difficult, demanding, indeed, much less physi- 
cal exertion but far more of the superior qualities of head 
and ready-handedness. Well knowing what coal-pit 
labour is in all its forms, for we have seen it often in 
them all, we venture to affirm that a thoroughly good 
and patient coUiery viewer could, under urgent necessity, 
drill and discipline some hundreds of willing agricultural 
labourers and workers, particularly if they were young 
and in all other respects suitable ; and if the same viewer 
could keep the same men at the same work for a year or 
two, they might be made tolerably capable pitmen. If, 
therefore, the present colliers continue impracticable, and 
obstinate, and unreasonable, the coal owners must obtain 
the best available substitutes for them. Unquestionably 
a hewer who is educated to his work from boyhood is 
best ; but as hewers of this kind do not largely increase 
while the demand for them does increase, employers must 
have recourse to another class. No doubt all who are 

D 
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drafted into pits from other classes of labourers might 
strike, and belong to Unions, and suffer and commit 
all sorts of mischief; but to enumerate such pos- 
sibilities does not help us, nor does it hinder the de* 
sirableness in a time of necessity of trying this remedy. 
When our British colliery Othellos saw their occupa- 
tion going or gone, they themselves would become 
more reasonable, and much more manageable for the 
future. 

A far more agreeable compromise between the modem 
antagonism of labour and capital would be a union of 
interests. In this view the pamphlet of Mr. Briggs, 
named at the head of our article, is seasonable and 
instructive. The Whitwood Collieries, situated near 
Normanton, and of which Mr. A. Briggs is the Managing 
Director, were worked by a private firm previously to 
1865, and, says Mr. Briggs, 

It is really almost impossible to overstate the virulence of the 
passions that were cited by the frequent disputes between masters 
and men. During ten years we went through four strikes, lasting 
in the aggregate seventy- eight weeks; besides innumerable dis- 
putes and consequent interruptions to work. During those ten 
years of almost daily recurring annoyances and anxiety, the firm 
went through the varied and painful experience of enforcing 
evictions from their cottages, guarding, by the aid of the police, 
non-unionists from the attacks of desperate unionists, the receipt 
of threatening letters on the model of those revealed before the 
Trades' Union Committee at Sheffield ; the whole culminating in 
a riot in the village on the night of September 24, 1863, and the 
consequent prosecution and conviction of some of the ringleaders 
at the following York Assizes. The pecuniary effect of these 
difficulties, as regards the employers, was that for several years 
barely 5 per cent, per annum could be realised on the capital 
embarked ; while most of the workmen were so impoverished, 
that in many cases they were compelled to dismantle their houses, 
and to sell property, the fruits of former labour, to obtain the 
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means of subsistence during the continuance of the strikes. So 
disgusted were the owners of the collieries — not merely "with the 
pecuniarj sacrifice entailed, but also with the constant annoyance 
and anxiety of mind thus occasioned — that they had serious 
thoughts of disposing of them, trusting to find another invest- 
ment for their capital, which might bring in a better return, and 
which would not, at any rate, lead to such incessant conflicts 
with the apparently inveterately adverse interests of labour. 

Fortunately for them they did not sell their collieries, 
but converted the whole concern, in 1867, into a Joint- 
stock Company, with an encouragement in every form to 
the workpeople to become shareholders. Here was the 
co-operative principle proposed in a colliery company. 
Whenever the divisible profits accruing from the business 
should, after provision for redemption of capital, exceed 
ten per cent, on the capital embarked, all the employed, 
in whatever capacity, would receive one-half of such 
excess profit as a bonus to be distributed amongst them 
in proportion to, and as percentage upon, their respective 
earnings during the year in which such profits might 
accrue. Thus the workpeople became directly interested 
in the concern, and if they could aid in realising a 
larger profit they themselves would receive a share of it. 

The effects of this change — ^the dissatisfaction of some, 
the conyersion of others, the apathy and caution of many, 
and the final co-operation of all — are detailed by the 
Director. When the Company was enabled to declare a 
dividend of 12 per cent, on the capital for one year, and 
to devote a further 2 per cent, or 1,800/. to the formation 
of a workman's bonus fund, out of which was distributed 
an average bonus of 7^ per cent, upon their year's 
earnings among all the workmen who had properly 
qualified themselves, their eyes and hearts were opened, 
as well as their purses, and many of them had a 5/. note 
in their pockets for the first time, while some had two 

D 2 
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the highest bonus paid to a miner being 10/. 18«. 10^ 
upon his year's earnings of 109Z. Ss. 9rf. 'From that 
time,' adds the writer, * we have gone on prosperously 
(up to 1870), dividing from 12^ to 13^ per cent, to our 
shareholders, and a proportionate bonus to labour.' In 
a very recent communication to ourselves in answer to 
enquiry, Mr. Briggs writes, * Since that time the In- 
dustrial Partnership system has on the whole worked 
well. The production of the collieries is now at its 
maximum, and this in spite of advance in wages during 
the last two or three years of 40 to 50 per cent. We 
believe few private firms could say as much.* This is 
no doubt excellent when there is a profit to cQvide, but 
how would it be in bad years when the Company may 
have to bear a loss ? 

Nothing can be more satisfactory, and we commend 
this pamphlet (privately printed), and the very useful 
details which the writer has simply and clearly recorded, 
to the study of all coal owners and workers. The 
obstacles to a general introduction of the co-operative 
principle amongst pitmen are unhappily manifold; but 
looking at this particular instance, we find that one 
colliery concern, with about 100,000/. of share or 
invested capital, pays about 60,000/. per annum in 
wages, and that sum, therefore, falls to be considered as 
the average labour capital. Any further derivable profit, 
after the initial ten per cent, on the invested capital, 
would be appropriated to the payment of a future 
dividend or bonus on the whole 160,000/., being the 
aggregate of the united investment of monetary and 
labour capital. Thus, therefore, the proportion in which 
labour is to participate in profits will regulate itself, and 
the prosperity of the whole depends upon the recognition 
of the unity of interests, between the representatives in 
this undertaking, of capital and labour. Much remains 
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to be considered, for which we refer to the pamphlet, 
only further observing the distinction, that this is not a 
mere co-operation of working men, but also a union of 
those who are commonly antagonists, and so far a 
successful merging of their antagonism. 

We must either subordinate human labour in mining 
to capital, or we must harmonise it with capital, or sup- 
plant it by contrivance and mechanism. No other courses 
are open to us. We have long been trying to subordinate 
it, let us now try to harmonise it, or the third course 
becomes imperative. Many are now anxiously looking 
to this last course as increasingly imminent, and as per- 
haps ultimately imperative. Let us therefore offer a few 
remarks on this subject so far as they can be adapted to 
general intelligence. 

At the outset, it is apparent that if mechanical coal- 
cutters could be extensively and successfully employed, 
several advantages would be gained besides supplanting 
the men. Not only would strikes be at an end, but ven- 
tilation improved, and the depth of mining probably in- 
creased, since most of the difficulties caused by the limit 
of human endurance under exhausting exertion would be 
at once overcome. Collateral benefits of several kinds, 
particularly the disuse of gunpowder to at least a large 
amount, would follow ; and on this account the question 
of the possibility of their adoption becomes highly im- 
portant. Can mechanism of any kind, whether partly or 
wholly employed in coal mines, or can improvements in 
applied mechanism, be made to supersede the labour of 
man? 

In thick seams like those of Staffordshire, in ten yard 
or even ten feet seams of coal, there is plainly no serious 
obfitade to the use of coal-cutting machines. You have 
only to cut and bring down, and deliver at the {nt's 
mouth. But in thin seams and in the innermost passages 
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of long-worked pits the case is yerj different. Anjbne 
who has actually seen a hewer at work in the most 
awkward places in thin seams, and no other person, will 
at once understand the difficulties to be overcome. A 
hewer in the worst ' faces ' of coal-getting must squat and 
twist and contort himself like a posture-master, and do 
so for some hours at a time. This adaptation the human 
body is capable of affording and enduring, and that most 
wonderful vital machine, the human arm and hand, can 
so twist and turn and harmonise itself to natural neces- 
sities as to show in this very circumstance its immeasur- 
able superiority to any mechanism which the mind of man 
has conceived. Watch, for instance, a northern hewer 
making his * jud ' and his ^ jenkin ' in the coal seam, and 
then turning and squatting, and sidling and squeezing, 
and gasping and sweating, and picking and poking with 
perfect bodily adaptation to mining exigencies, and you 
will form such a conception of the peculiarities of the 
work as will very much modify your expectations of a 
mechanical substitute for the grumbling and perspiring 
hewer. 

Several coal-cutting machines have been brought under 
the notice of colliery engineers and managers during late 
years, and these have been considered and discussed at 
their local meetings and by their committees. Some are 
superior to others, but practical men soon perceive their 
defects, Avhicli, indeed, are more or less inevitable. You 
cannot convert the machine into the man, any more than 
you can make the man a machine. In one respect it is 
good that the machine has no free will. Then in another, 
it is just the lack of free will which precludes free use. 
So soon as we inspected several of these machines we 
perceived their faults, while admitting their excellences. 
Allowing for their defects, the question is, will they 
win the coal ? can they be made to do so by use, and 
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by a gradually acquired knowledge of needful improve- 
ments? 

One or two of such machines have commended them- 
selves more than others to coal engineers. That which at 
present appears to be one of the most promising is well 
worth a passing description. It is known as Gledhill's 
Patent Imperial, and has been successfully introduced by 
Messrs. William Baird & Co. in Scotland. The work is 
performed by an endless chain with attached cutters, 
driven round an arm which extends underneath the coal. 
When the machine is at work, it draws itself by means 
of the motive power of air, which is compressed at the 
pit's mouth to 35 or 40 lbs. per square inch, and is con- 
veyed from the pit's mouth to the inner cast-iron pipes, 
and while at work it is attended only by three men. It 
is hopeless to render it quite intelligible without one 
or more drawings, and in fact even with these — and they 
lie before us as we write — ^it would be unintelligible to 
the unitiated in machinery and coal-mining. Yet it is 
easy to understand how such a machine having nine 
cutters of coal sharpened at each shift of work by re- 
moval daily to the surface for this purpose, and, when 
sharpened, again fixed in the chain, can proceed in it0 
assigned duty. Mechanical ingenuity can certainly con- 
trive to propel such cutters into a regular coal seam, to 
make those cutters of the best metal, to sharpen and re* 
adapt them, to fit them very nearly to the natural face of 
the coal, and to undercut with considerable efficiency* 
The colliery engineers idierever the machine is employed 
must of course see to the special adaptation of the machine 
to their particular pit. 

There are, besides those collateral a/lvantages over 
liuman labour by the employment of these maduncs to 
which we hare already alluded^ others (d the waaskb db^ 
racter wludi will be diseoTered in practioe. One s^nal 
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advantage is the saying of ooal from waste. A man 
wastes coal in all operations and all directions. Ther 
hewer tears down the coal like a tiger^ flings it into his 
heap, and at the same time into your mouth and eyes as 
a spectator of the hewing in the innermost recesses of a 
great pit filled with coal dust, and hence arise to the con- 
stant workers asthma and bronchitis. But the machine 
works without bluster or dust, without more of dust and 
without more of waste than is inevitable in all extraction 
of coal. 

Two of these machines are to be tried at the famous 
Hetton Colliery near Newcastle, and we shall therefore 
in time hear of its success, or on the contrary. The 
Messrs. Baird are sanguine and quite assured, and tell us 
that the present work done by this invention is 300 to 
350 feet, cut 2 feet 9 inches deep, in a shift of from eight 
to ten hours' work, and as the particular seam worked by 
them is 2 feet 10 inches thick, the yield is from 75 to 90 
tons. As the cost of each machine is 200/., it would be 
easy to calculate the pecuniary results of their adoption. 
We do not anticipate that human labour in and about 
mines could be entirely dispensed with. Of the 300,000 
colliers now employed a proportion would be retained. 
Those who propose these machines reckon that if univer- 
sally employed in our coal pits, 60,000 colliers would 
suffice to raise our annual extraction of 120,000,000 of tons. 

It would be well worth while to spend some thousands 
of pounds in inventing or perfecting coal-getting ma- 
chines.* All interested persons will look anxiously to 
the results of the intended Hetton Colliery adoption of 

* We refrain from noticing several already proposed coal-cutting 
machines, because they are subject to mining and mechanical judgment. 
A few years of trial will decide the question, and it will be one of the few 
benefits traceable to our present coal deficiency, if the old proverb shall bo 
realised in this matter, and ' Necessity prove the mother of invention.' For 
a like reason we merely name the advantage of largely adopting coal-wash* 
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them. K they succeed in the largest pits producing the 
best northern coal, the end of our distressing coal famine 
is not far off, and, what is best of all, it cannot suddenly 
and unexpectedly return. Let us remember that although 
machinery will not prevent, but rather by its ingenuity 
accelerate, bituminous and carbonaceous bankruptcy, it 
will on this very account enable us to calculate and fore- 
cast the ultima dies and to prepare for its arrival. 

If all mechanical substitutes fail in coal-getting, and 
if human labour becomes and continues still more and 
more intractable, there will remain only two other 
principal or partial remedies : one is the substitution of 
another fuel for coal, the other an importation of coal 
from other countries. 

No prospect of a natural substitute for coal dawns 
upon us at present. That sun whose beams shone upon 
the primeval vegetation and originated coal shines upon 
all alike — the good and bad, the near and the remote ; 
but the coal it helped to form is only locally stored. If 
we turn to Peat, there are immense and readily accessible 
deposits of that useful substance, and peat-compressing 
machines are being perfected and vaunted. But it will 
never, for other reasons besides cost, extensively supply 
the place of coal. Nature gives us nothing like good 
coal ; science holds out no hope of anything like it ; and 
the combinations and decompositions of chemistry are at 
present in this direction only vaporous and vague. 

It is melancholy to contemplate a necessary importation 
of coal to a country which by its possession and utilisation 
has dominated the manufacturing world. It will be in- 
deed a kind of moral retribution when we, the great and 

ing machinery, by means of which many thousands of tons of smaU and 
refuse coal, long lying useless in coaling yicinities, may be cleansed from 
earthy matter, shale, and pyrites, and reduced and screened, and made 
marketable. 
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prodigal exporters of ooal> or rather our less fortunate 
descendants^ shall come to beg abroad for the mineral we 
have for a century been sending away. We have had 
coal enough and to spare^ but we have squandered our 
inheritance, and alas ! may be severely pumshed. 

Speculating upon such a dismal futurity, let us in 
imagination unroll a coal-map of the known world before 
us. Such a map could never be stereotyped, because 
geographical exploration and topographical surveys re- 
veal to us more coal than we even a few years since knew 
to be on our earth. Moreover a map of the surface 
would be of little use to us ; we require particulars of 
thickness, depth, quality, and deposition. 

Very probably we shall commence importing foreign 
coals by having recourse to the Belgian coal field, which 
lies near to us, although at present the Belgian demand 
presses on the supply. This forms a part of a long and 
comparatively narrow series of basins, extending about 
seventy-five miles from east to west, and lying in about 
equal proportions within France and Belgium, the latter 
country possessing a field of about forty miles in longi- 
tudinal extent, and eight miles wide in the mean, with an 
area of 326 square miles of productive coal measures. 
Most of the seams, however, are thin and less than two 
feet thick on an average. About 120 seams are now 
well developed, but the production is limited, in com- 
paring the number of working people with what a similar 
number would produce in a British mine. There may 
be fifty thousand persons altogether employed in the 
Belgian collieries, of whom about forty thousand are 
engaged underground and ten thousand above ground. 
The total production in 1864 was reported at 10,000,000 
tons of coal, whereas in 1850 the total extraction did not 
amount to quite six millions. It is now perhaps twelve 
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We may also resort to the coal fields of Westphalia, 
which ought to be generally known, as they contain more 
than sixty beds of workable coal in seams of from three 
to nine feet thick, comprising a total thickness of about 
200 feet of pure coal of various kinds, and extending 
over a surface of about 200 square miles. It is esti- 
mated that there are about forty thousand millions of 
tons of coal in this entire field, and calculations would 
probably show that this coal might even now be imported 
hy sea. to the port of London at a much less price than 
we have been recently paying for our fuel. In 1867 the 
Ruhr Coal Basin produced ten and a half millions of tons 
of coal, while in 1851 it did not yield two millions of 
tons. Hallways and low charges have promoted its de- 
velopment.^ 

In the future, probably our country will obtain coal 
from the British North American Provinces,, which con- 
tain about 8,000 square miles of the mineral. Bemain- 
ing under our own dominion, this mineral resource will 
be at our immediate service ; and the coal in Nova 
, Scotia is already attracting considerable attention. 
Were it not for the impediments of distance and carriage 
we might at once avail ourselves of these deposits, some 
of which are now extensively mined, but cannot be 
wrought at a price to meet our home necessities. The 
element of cost is the forbidding element, even in our 
own remote dominions ; and, in fact, a mountain of coal 
at three or four guineas a ton would be of no more advan- 
tage to us than Mont Blanc with thousands of tons of 
useless snow. 

' We can only name the Saarbruck coal field in Ehenish Bavaria, 
although it has an area of nearly a thousand square miles. Dr. K. von 
Dechen has published a detailed account of the coal fields in the Ehine 
Provinces and Westphalia. The development of its coal mines will pro- 
bably prove of prime importance and interest to Oermany in the future, 
and perhaps also to us. 



44 COAL AT HOME AND ABROAD. 

For a like reason the vast coal deposits of India are of 
small present value. They are full of hope for the 
future progress of India^ but a cold comfort to us. Dr. 
Oldham and his coadjutors have done good work in 
estimating that about sixteen thousand millions of tons of 
coal exist in all the known Indian coal fields. The 
extension of the railway system of India will of course 
be largely aided by the discovery of native beds of coal ; 
and we shall be relieved from the necessity of exporting 
British coal for Indian locomotives and navigation. But 
that is the extent of the benefit to ourselves. Few 
persons who speak or write upon the coal famine which 
at present perplexes the whole nation^ appear to remem-^ 
ber that'the existence of immense remote deposits of coal 
is of little or no value to us in our existing emergency. 
Looking at the long future these are suflSciently im- 
portant, but looking at home they ofier no solution of 
our difficulties, and no hope of low-priced coal next 
winter. For the remote future alone do they afford hope. 
In the last number of this Review (p. 243), we gave a 
brief notice of the discovery of the extensive coal fields 
in East Berar, comprising an estimated aggregate of 
480,000,000 tons of coal. The subject of Indian Coal 
Resources would of itself demand a separate article. 

It has only of late years been made known that the 
coal fields of China extend over an area of 400,000 
square miles ; and a good geologist. Baron Von Rich- 
thofen, has reported, that he himself has found a coal 
field in the province of Hunan covering an area of 21,700 
square miles, which is nearly double of our British coal 
area of 12,000 square miles. In the province of Shansi, 
the Baron discovered nearly 30,000 square miles of coal, 
with unrivalled facilities for mining. But all these vast 
coal fields, capable of supplying the whole world for 
some thousands of years to come, are lying unworked; 
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and it appears from some late observations in the House 
of Commons, that certain overtures lately made for 
bringing these valuable deposits into mining development 
.were rejected. The Chinese authorities and people will 
prefer to pay for the coal imported rather than use their 
own. They are ignorant of good mining, object to it 
politically, and suffer all the natural difficultieswhich other 
nations have overcome, to 'frighten them into inveterate 
obstinacy and industrial inactivity. 

The greatest resource for coal in the future will be the 
deposits of the United States of America, which have an 
area of coal formations extending over 500,000 square 
miles, imder which the productive or workable area has 
been calculated at 200,000 square miles. We can count 
up more than twenty coal fields in America, some of 
which are small and others very large. Pennsylvania 
possesses no less than 12,656 square miles of bituminous 
coal and 470 square miles of anthracite ; while West 
Virginia has 15,000 square miles ; Illinois, 30,000 square 
miles; Michigan, 13,000; Iowa, 24,000, and Missouri 
21,000 square miles of coaL Add to these the great 
coal fields lying within the Ancient Appalachian Basin, 
amounting in all to 203,000 square miles* 

It must not be thought that the small extent of the 
areas of anthracite in America is a measure of their 
value, for their value is in inverse proportion to thrir 
jurea. In many respects Pennsylvanian anthracite is peco- 
liaily serviceable ; it is more dense and compact than 
otho* Idndsy and a pore specimen will yield from ninety 
to ninetj-fire per cent of carbon* On the iMnrth ade of 
ojtr Soodi Welsh coal fidds we possess an antkneite 
resemUiDg Hat of Pennsyhrania, and which is tlierefore 
Talndble xs steam ooaL At this present tmie die 
Americans would perhaps value dieir 470 square noles 
of andiiacite in PenwyiTania above tlicir 200/MjO square 
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miles of bituminous coal lying elsewhere^ for the. beds df 
anthracite are situated in the vicinity of numerous great 
and prosperous cities^ and have done for all that re^on 
something like what our coal fields have done for xA. 
There are now 12,000,000 of people deriving their chief 
supplies of coal from these deposits, and the same process 
is going on there as here. The present 12,000,000 will 
increase, and the present produce of anthracite likewise, 
and they will increase in accelerated ratios. Taking the 
present annual anthracite production at about ten or 
twelve million tons, this will soon advance with the enr 
larging demand, and we can readily anticipate both the 
simultaneous growth of population and anthracite mining. 
A dense population rapidly extending over an area twice 
as large as that of Great Britain, will eventually bring 
up the extraction of anthracite to a high amount, and the 
cost will increase until the people begin to work their 
bituminous coal, which will always preserve them from 
a coal famine like our own, and at the same time tend to 
bring more and more of their adjoining deposits into mining 
and to market. 

Numerous momentous results depend upon the success- 
ful solution of the problems adverted to in this article. 
That our commercial prosperity is founded upon the 
possession and use of coal is suflSciently known as a 
general truth, but the whole state of the case is not so 
widely understood. Great Britain has become the work- 
ing coal field of the world. We have for some years 
been raising more than half the total coal raised in all 
parts of the globe, and we have recently raised con- 
siderably more than half that total, which in 1866 was 
estimated at 170,430,544 millions of tons. If the whole 
world may now be supposed to raise annually about 
200,000,000 of tons, we are raising about 120,000,000 
out of the 200,000,000. Yet with this immense extrac- 
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tion we have only about 32,000,000 of inhabitants in the 
United Kingdom. 

Let us contrast our case with that of the United States. 

That vast region has a present population of not much 
more than 39,000,000, for the census of 1870 returned it 
as 38,558,371. Last year (according to a recent advice) 
the total production of coal in the States was 41,4919135 
tons. In 1865 the total production in the United States 
was 11,324,207 tons, and of anthracite 11,532,732 tons ; 
altogether making 22,856,939 tons ; and the capital then 
(employed in coal-mining throughout the United States 
was 40,000,000 of dollars, while the capital invested in 
railroads and canals penetrating those coal fields, made 
principally for their development, and sustained by the 
coal trade, amounted to 170,000,000 of dollars. Thig 
large increase is a striking example of prosperity ; but 
the Americans have one serious drawback, namely dear 
labour, and they cannot as yet compete with our cheaper 
labour. Should, however, our mining labour continue 
at any such cost as recently, the wages in America may 
become actually less than ours or equal to them. Then 
the present relative conditions may be reversed; we 
have possessed far less coal, and enjoyed far better and 
cheaper means of extracting it ; they have had the most 
coal and have only required as cheap or cheaper labour 
than oars, and equal skill in mining, to turn the balance 
in tbeir favour.^ The Superintendent of the American 

' Tbe q^ocftioa is tco Uige for pnsent disciissioii, or we §hoahi §hfjw 
gwwBdb for tcficfing that the \mlxnre is cow tnmiiig ajgainst tu, zjA that 
jwt am ttai mad inm hare hetmmt deazvr hen, tb« Am^rieass hare vtmoiUd 
to isbax own. isrAi mad wpx^st thcsr ovn coaL lo 1S71 a»l 1S72 tlwy ex- 
hSafted gBcat «&eesT is bcdi dtpatmenXM, and as a tf>Ta»ruiLtfi Lare bcc^ht 
IflM €f asr mm. Is fiw fist two awoths of 18T2 tccj rwax^iA V^^Tfi 
teas cf car iisb xula, vkile is the Czit two oKoths of thss jcar dMj u^Jk 
oaljr4a^l v^oa; teas ihovis^a dcescaseof Vi^flf^ XrxM', aai as AmutFJom 
Qsdn Isiigsif g« 15 Wales, we at occe azsre at as a^crraas e»dbxssca. c& 
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Census thinks that the population of the United States 
in the year 1900 will number 100,000,000. If by that 
period the balance should be turned in their favour, then 
the vast demands for coal will have stimulated a corre- 
sponding extension of coal-mining jT and the Americans 
must open coal fields of far wider extent than our own. 

The course of manufacturing supremacy, of wealth, 
and of power is directed by Coal. That wonderful 
mineral, of the possession of which Englishmen have 
hitherto thought so little, but wasted so much, is the 
modern realisation of the philosopher's stone. This 
chemical result of primeval vegetation has been the 
means, by its abundance, of raising this country to an 
unprecedented height of prosperity, and its deficiency 
might have the effect of lowering it to slow decline, while 
by greater abundance it raises another country in the 
Far West to a prosperity possibly greater than our own. 
It supplies food, force, heat, light and motion — ^wonderful 
alike in its geological origin and in commercial and 
national influences. It raises up one people and casts 
down another ; it makes railways on land and paths on 
the seas. It founds cities, it rules nations, it changes 
the course of empires. And along with all this physical 
and social efficiency, it reads us a grave and solemn 
admonition. There is a moral purpose and retribution 
in all Its vicissitudes. Prodigality, wastefulness, lack of 
prudent calculation, social selfishness, embittered class 
interests, and the national neglect of social and moral as 
well as physical laws In relation to this one indispensable 
gift of nature, will assuredly bring retributive justice 
upon us all or upon our posterity. 

the suicidal character of strikes in that country. It has recently come to 
light that in the English market iron is 3^. per ton dearer than in the 
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11. 

ON THE COAL FIELDS OF NORTH AMEEIOA 

AND GREAT BRITAIN.^ 

We had occasion to refer in a recent Number, for 
another purpose, to the magnificent and elaborate work 
which Mr. Rogers, under the liberal patronage of the 
state of Pennsylvania, has recently given to the world. 
Our present object concerns exclusively the Essays on 
the Coal formations of various countries, which are by no 
means the least interesting and important portion of 
these volumes. The history of Coal affects, in the 
highest degree, the entire social condition of our species ; 
and we propose to consider it in the following pages, not so 
much with reference to its geological characteristics, as 
in connection with the prodigious services which this 
mineral renders to civilisation. In those seams of com- 
bustible matter, which the industry and ingenuity of man 
have discovered and worked in various parts of the globe, 
lies the latent force which gives life to the steam-engine. 
Heat, motion, power, and that wonderful energy which 
propels in a thousand forms the mechanism of modem 
Bociety, are all concentrated here; and the geological 
rcTolutions which reduced the primeval forests and 
morasses of the globe to this condition, were preparing, in 
the incalculable distances of past ages, that new element 

> JSasays on the Coal Formation and its Fossils, and a Description of the 
Coal Fieids of North America and Great Britain, annexed to the Govern- 
ment Survey of the Geology of Pennsylvania, By Hemy Darwin Kogen, 
State Geologist. Edinburgh and Philadelphia : 1858. 3 toU. 4to. with 
Plans. 

E 
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which was one day to make man the master of earthy of 
water, and of fire. To our mind there is nothing more 
indicative of the eternal forethought which framed the 
structure of the world, than the fact, that perishable 
organisations, which flourished thousands of years before 
the existence of man, should have become subservienii to 
the latest applications of human skill. The power of 
calculation can hardly measure the stupendous addition 
made by this force to the dynamic power of man; but we 
may borrow the estimate given by Professor Bogers^ of 
the value of the coal fields of this small island — a very 
small portion, as we shall presently see, of the vast coal 
fields which stretch across the globe. 

Each acre of a coal seam, four feet in thickness, and 
yielding one yard net of pure coal, is equivalent to about 
5000 tons, and possesses, therefore, a reserve of mechanical 
strength in its fuel equal to the life-labour of more than 
1600 men. Each square mile of one such single coal-bed 
contains 3,000,000 tons of fuel, equivalent to 1,000,000 
of men labouring through twenty years of their ripe 
strength. Assuming, for calculation, that 10,000,000 of 
tons, out of the annual produce of British coal mines, are 
applied to the production of mechanical power, then 
England annually summons to her aid the equivalent 
of 3,300,000 fresh men pledged to exert their fullest 
strength through twenty years. Reducing this to one 
year, we find that England's actual annual expenditure 
of power, generated by coal, is represented by that of 
66,000,000 of able-bodied labourers. This is a represen- 
tation of what really exists in another form ; but if we 
proceed so far as to convert the entire latent strength 
resident in the whole annual produce of our coal mines 
into its equivalent in human labour, then, by the same 
process of calculation, we shall find it to be more than 
the labour of 400,000,000 of strong men, or more than 
double the number of adult males now upon the globe ! 
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An element in the above calculation is one of the most 
humiliating comparisons that can be drawn between 
human and mechanical power. If we estimate a lifetime 
of hard human work at twenty years, giving to each year 
300 working days, then we have for a man's totsl 
dynamic efforts 6000 days. In coal this is represented 
by three tons ; so that a man may stand at his own door 
while an ordinary quantity of coals is being delivered, and 
say to himself: ^ There, in that waggon, lies the mineral 
representative of my whole working life's strength ! * 

In such aspects as these, how momentous to ourselves 
is the natural possession of coal — of the fuel ever ready 
at a moment's preparation to generate a power the very 
opposite of its own nature — a power that transcends all 
others yet known to be applicable to mechanical move- 
mentff ; that disdains narrow imprisonment, and wings us 
or wafts us over land and sea — that daily draws up from 
the deepest . pits more and more of the mineral fuel that 
gave it birth and impulse — that makes tens of thousands 
of wheels and spindles to revolve incessantly — that causes 
raw materials to be wrought into airiest fabrics or 
solidest structures — that transports navies and armies^ 
changes the character of warfare by accelerating the 
transfer of men and the munitions of war, decides the fate 
of battles, and determines the destiny of nations. How 
momentous, we repeat, is the possession of the generator 
of all these movements ! In our extensive beds of coal 
we have, in fact, the motive power of the world, stored up 
for us in the most compact and suitable form. In coal we 
have the world-moving lever of Archimedes, and it may 
be said that the steam engine is the fulcrum. Few econo- 
mical enquiries, therefore, can assume greater importance 
and hi^er interest than those which are connected with 
our coal deposits. Under what geological conditions do 
we find them in our own and other countries? what 

s 2 
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approximation can we form to the amounts possessed by 
the principal countries of Europe and America ? More 
particularly, what are our Biitish coal possessions, at what 
rate have we mined, and are we now mining them, in 
what directions and for what purposes are our supplies 
distributed, and can we arrive at any approximate 
estimate of the vast quantities we distribute to domestic 
use, to manufactories, and to foreign countries ? Finally, 
directing our attention to the qualities of certain coals, 
what are the conditions of a good steam coal ; to what 
extent are steam coals possessed by ourselves and other 
nations ; and how far does the possession of such qualities 
of coal affect the conditions of naval warfare and the 
prospects of victory ? 

The great Carboniferous series of rocks which derives 
its name from the coal found in them, is both geologically 
and economically important, and we may add, as regards 
our own country, artistically interesting; some of the 
sweetest river and valley scenes in our land are indebted 
to the character of these rocks for their scenic beauty and 
even grandeur. They occupy an immense tract in 
Northumberland^ Durham, Yorkshire, and South Wales ; 
and in Ireland, the greater part of its plains, and of the 
broadly undulated interior, consist of the mountain lime- 
stone, covered in some places by the coal measures, and 
in others supported by the old red sandstone. Although 
mineralogically the same rock is termed Carboniferous or 
coal-bearing, yet this is chiefly because it is the principal 
it)ck associated with the series of coal-bearing beds, or as 
they are called, the coal measures. The Carboniferous 
limestone itself, in south-western England and South 
Wales, includes no coal of consequence or amount ; and 
except in some rarer and higher parts of this limestone 
formation, not even small coal seams can be traced in it 
n the districts named. It contains, however, a rich 
assemblage of organic remains which are essentially of 
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marine character^ and the whole is evident! j a marine 
formation. The same general conditions appear to haye 
prevfdled in the British Islands, as far north as Derby- 
shire and North Wales; but as we advance further 
northward, the coal beds become more intermingled with 
the mass of supporting calcareous deposits, from which we 
may infer that in the northern portions of this area, the 
natural conditions favourable to the growth and entomb- 
ment of the vegetation from which coal was produced, 
commenced at an earlier geological period than in the 
southern parts of the area indicated. 

The coal measures themselves, or the series of beds in- 
timately associated with the seams of coal, consist of a 
number of strata of alternating sandstones, shales, and 
coals. But the pure beds of coal in this great aggregate 
are insignificant in comparison, for in all they only 
amount to a thickness of 47 feet 9 inches, and are, there- 
fore, merely in the proportion of 15 of coal to 38 of rock- 
measures. Later researches give an aggregate of 76 feet 
of coaJ. Now as none of the seams of coal separately 
exceed 6 feet of available thickness, while many of them 
are not more than as many inches, the stranger who for 
the first time sees a Newcastle coal seam underground, 
can scarcely bring himself to apprehend that the vast ex- 
penditure he beholds, and the array of machinery and 
labour in action, are all directed to the excavation of a 
thickness of a few feet of coal, and least of all, when the 
seam is barely 6 inches thick. In tracing this great 
series of rocks through our own country, we, in fact, 
trace the coal ; for the pure bituminous coal has never 
with us been largely found apart from that series ; that 
is its true geological position. The exceptions in the 
oolitic coal seams of Brora in Sutherlandshire, and at 
Gristhorpe in Yorkshire are of trifling importance. Had 
this now f a m il i a r feet been previously recognised, many 
thousands of pounds vainly expended in the search for 
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coal^ would have been gaved^ and many, ridicnlous en- 
quiries as to the possibility of finding it in particular 
places would have been spared. 

The original formation of coal is one of the most inter- 
esting enquiries in theoretical geology. That coal was 
composed of primeval vegetation is demonstrated by the 
experiments of such chemists as Liebig as well as by the 
evidences it carries in its own existence^ and in its neigh- 
bouring sandstone. A coal bed is in fact a hortus siccus 
of Old- World vegetation, — and this is the more strikingly 
seen when some diligent collector, like Mr. Hutton in 
the north, gathers together in the course of years a 
cabinet of coal plants. To inspect such a collection is to 
behold compendious evidence of the existence of a most 
ancient and luxuriant flora, from the remains of which we 
are at this day deriving heat, light, and power. Careful 
research into the character of the coal pltots enables us 
to restore in imagination the standing and growing plants 
of that remote era. We may depict huge trees of strange 
forms ; thick hedges of tall reeds, with glossy stems and 
radiating pointed leaves ; gigantic club-mosses and innu- 
merable ferns, overtopped by trees like pines; and a 
strange plant resembling an immense coach-wheel within 
its rim, so that the boughs shoot out horizontally on all 
sides like spokes from the nave, — the central portion of a 
Stigmaria ficoides, once floating near what is now New- 
castle ; and in our own Scottish coal field of Fife a fossil 
trunk, supposed to have belonged to a gigantic Araucaria, 
has been extracted from the earth at no great distance 
from the richly wooded hills of Kaith. 

The more we can discover concerning the fossil plants 
in and near the coal beds, the nearer shall we approximate 
to a solution of the problems connected with the forma- 
tion of the coal itself. Much knowledge on this subject 
has been gradually accumulated. Erect fossil trees have 
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been found in some parts of Europe as well as in our own 
country. Five examples of fossil roots and trunks wore 
discovered erect, as they grew, on the Bolton and !Man- 
chester Railway, and above them was a seam of coal two 
feet in thickness. In the extensive coal field of South 
Wales, Mr. Logan affirms that there is no instance qf a 
seam of coal occurring without a bed of underclay which 
abounds in remains of the marshy plant Stigmariajicoides 
(now considered to be the roots of a Sigillariay or prob- 
ably other plants), and he conceives, from its abundance, 
that it must have been the chief component of the bed of 
coal. He found the same kind of underclay and the 
same plants in the Pennsylvanian coal fields. Moreover 
vertical stems of plants are found at more than one geo- 
logical level, and in coal districts in Nova Scotia and 
Cape Breton, in several of the planes of vegetation ntcms 
are still seen standing in their places of growth above 
each other, to the extent, it is supposed, of fifty or even 
one hundred ancient forests buried one above another. 

A glance at the beautiful plates of ProfesHor RogcrH* 
work recalls to us very nearly the same fo««ilH from the 
coal formation of America, as may be seen in the plateii 
of the plants Fossil Flora of Lindley and Ilutt/^n. Wc 
could find manv or even most of the American foMnlii, 
with sl%ht specific differences, paralleled in our \iri^\sf\% 
cmbinets. The variations in the Ye^ttatifm 2urf: frvi/1/ititly 
only such as might be foond at great d»tanc^, und^rr 
mnilar conditioss of climate. Two fanndred and twentr 
spedcs of phzrts frrjoa the ctjoI meatrnre? and carly/nIf<f:Toiw 
rocks of Fcunajlvania, jidied zoffr^ than ^^r^f: KritArfA 
species which were -^ntrr^ Heaocsd with 7ir^^<ii^,9 ^r^^^aAr 
reoogBBScd m tfe^ Eiir*>p^aii coal fi^Iffe^ FHtj ^thMWPsi 
show^ed dr feg i M cgg sr/ ^Sgjact diac a falkr «90Q£tA/w.ti -vrdk 

may r»»ixh m diw yf-^^-rriJ^jtrli-^t: - -vi3e 
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foreign field, bear in every instance a close relationship 
to European forms. It is, therefore, upon the best 
evidence that we pronounce a remarkably near affinity to 
exist between the carbonifiprous fossil flora of North 
America and of Europe. This is but another confirma-" 
tion of the closely analogous conditions of the ancient 
coal era; and we might even show how very close the 
affinity is in other particulars, as that the most common 
species of plants in the coal flora of Europe are prob- 
ably so in America, while scarcity in the one continent 
corresponds to scarcity in the other. It is also con- 
firmatory of this view that the fossil flora of the oolites 
of Scotland, to use the words of Hugh Miller, ^ in its aspect 
as a whole greatly resembles the oolite flora of Virginia, 
though separated in space from the locality in which 
the latter occurs by a distance of nearly four thousand 
miles. There are several species of plants common to 
both ; both too manifest the great abundance in which 
they were developed of old by the beds of coal into which 
their remains have been converted.' 

The abundance and vast size of certain coal plants 
have formerly been thought to imply an extremely hot as 
well as a moist and equable climate ; but further investi- 
gations of the structure and relations of these plants 
rather indicate a very different climate from the present 
in that period than a very hot one. The prevalence of 
ferns points to an extremely humid, and at the same time 
an equable and even temperate climate, without severe 
cold. Such is the view of many eminent geologists at the 
present day, and it is derived from observation of the 
conditions now favourable to similar tribes of plants, as 
for instance in the islands of tropical oceans, and of the 
southern temperate zone. An opposite conclusion, at 
least as far as regards tropical climate, has been arrived at 
by M. Lesquereux, who assisted Professor Bogers, and 
also by Professor Brook. That gentleman affirms that 
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* nothing can authorise us to admit these atmospheric in- 
fluences as very different from what they are now.' With 
reference to the immense trunks of trees, perhaps of fern 
trees, to which we now find an affinity only in the tropical 
regions, it may be said, how is it posisible to account for 
their growth in our latitude if we do not admit of a great 
change of temperature ? M. Lesquereux replies that in 
the peat bogs of northern countries, of Denmark and 
Sweden, much larger trunks of trees may be found than 
those which have been discovered in ours ; but the true 
fern trees ( Cavlopteris) are very scarce in the coal ; and 
that as to presumed difference of temperature, the clearing 
of valjeys and the drainage of lands may cause a climate 
not really to become colder, generally speaking, though 
the extremities of temperature are more distant ; that is, 
it is colder in winter and hotter in summer. The degree 
of this difference regulates the vegetation of a country ; 
and it is sufficient to afford us the reason of the difference 
of the type of vegetation between the coal period and our 
own, if we * admit that the continents were less extended, 
and only low islands entirely covered with marshes.' 
Further, it is thought that all the physical phenomena of 
our time were then in activity. There are in parts of the 
American beds evident marks of drops of rain and of 
hail, and also cracks caused by dryness under a burning 
sun. In layers of coal, the thickness of which scarcely 
exceeds the twelfth part of an inch, there are the proofs 
of an annual decay, and of annual heaping of the plants 
exactly as may now be traced in peat-bogs. In the bitu- 
minous coal of Ohio the annual growth of the coal is well 
marked by the thin layers, which are about one-twelfth of 
an inch in thickness. 

If this could be accepted as a chronological unit, we 
should be enabled to arrive at some conception of the lapse 
of time demanded for the formation of seams of coal, and 
of the vast abundance, as well as bulk, of the vegetation 
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of the carboniferous era. Not only were there arborescent 
plants which attained a height of sixty feet, but the im- 
mensity of the mass must have equalled^ if not surpassed, 
the luxuriance of growth. What an amount of vegetable 
matter must have been required for the total seams of any 
of our coal fields, and particularly for the Staflfordshire 
^ thick coal,' which attains a thickness of thirty, and some- 
times nearly forty feet ! Calculations have been made by 
Mr. Maclean respecting the quantity of woody matter 
which may be supposed to have entered into the composi- 
tion of a given bulk of coal ; the result of which is that 
one acre of coal, three feet thick, is equal to the produce^ 
of 1940 acres of growing forest ; and that if the wood all 
grew on the spot where its remains now exist as fuel, the 
coal bed of the above dimensions would be the consequence 
of a forest growth of 1940 years. Even if we grant a 
rapidity of vegetation like that of a tropical climate, still 
we should demand at least 1000 years for the formation of 
one such coal-seam ; and for the thirty-six yards of coal 
in the Mid-Lothian coal field, a period of at least 36,000 
years. What time, then, would be requisite for the ag- 
gregation of such a coal deposit as that at Saarbriick, 
where 120 beds are superposed on one another, exclusive 
of many which are less than one foot thick ; and what 
time untold must we allow for the formation of the vast 
deposits of America and Nova Scotia? As Hugh Miller 
observes : ^ All the forests of America gathered into one 
mass would fail to furnish the materials of a single coal- 
seam equal to that of Pittsburg.' And Sir C. Lyell 
remarks, with reference to the great beds of anthracite 
coal, between forty and fifty feet thick, quarried at 
Mauch Chunk (the Bear Mountain), in Pennsylvania : 
^ The accumulation of vegetable matter now constituting 
this vast mass may, perhaps, before it was condensed by 
pressure, and the discharge of its hydrogen and oxygen. 
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and other volatilie ingredients, have been between 200 and 
300 feet thick/ Confining ourselves even to the estimated 
total quantity of coal contained in the entire known 
deposits of our own country, in what words or figures can 
we represent to ourselves the vegetation requisite to 
compose our 5,400 square miles of coal area, which is 
calculated to contain 190,000,000,000 tons of coal. 
Our minds are baffled in aiming to comprehend the bulk 
of original material, the seasons of successive growth, and 
the innumerable years or ages which passed while decay, 
and maceration, and chemical changes, prepared the 
fallen vegetation for fuel. In descending the shaft of a 
eoal pit we shoot down in five minutes through a succession 
of beds, which represent a duration immeasurably sur- 
passing the whole period of man's existence upon this 
globe. Mark off man's terrestrial duration upon a vertical 
scale composed of a dozen seams of coal, and the whole 
human age would form but an unit, though you should 
divide the scale minutely. Yet it is for this creature of 
a day that the primeval forests grew, the mighty ferns 
waved their fronds, the marshy plants spread their 
succulent leaves and stems, the favouring sun shone, the 
heavy rains descended, the hurricanes uprooted trees, 
solid growth succumbed to slow decay, and all the secret 
Imt sore resources of the laboratorv of Nature were 
brought into activity to reduce the fallen or crippled 
vegetation into a carbonaceous and bituminous condition, 
and to prevent its admixture with arenaceous and de- 
terioratii^ ingredients, to run it out into long and level or 
gently curved deposits, to pack it into solid sandstone 
cases and under huge shady covers, and to store it in the 
smallest compass by the mighty pressure of ponderous 



. We hare before us, then, the ascertained facts that 
immense accumulations of vegetation were cfAlected; that 
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this vegetation consisted largely of SiffillaritBy the root- 
lets of which are met wdth in great abundance in the clays 
representing the floors on which the coal seams rest ; also 
of reed-like plants, such as calamites and lepidodendra ; 
that coniferous trees (those of the fir tribe), do not form a 
considerable element in the composition of coal ; and that 
the conditions under which the coal plants flourished 
appear to have belonged to such swamps as were covered 
to a great extent with water, rather than to anything in 
the form of peat bogs. 

As to the particular mode of aggregation, we may find 
modern and existing illustrations in the timber which is 
drifted down by great rivers, and is often arrested by 
lakes. This may sink after being water-logged, and may 
become imbedded in lacustrine strata, if any be forming 
in the locality. A portion, however, will float on and 
reach the sea. We have an example of a vast accumula- 
tion of vegetable matter now in progress under both these 
conditions in the course of the Mackenzie Eiver, in 
America, as noted by Sir C. Lyell. Again, in an arm 
of the Mississippi, drift trees, collected in thirty-eight 
years, formed a continuous raft ten miles in length, and 
eight feet deep. 

Dr. Richardson' describes a still more illustrative 
instance in the enormous annual amount of drift timber 
brought down in the Slave Lake, which vies in dimensions 
with some Canadian lakes. There the trees retain their 
roots, and being loaded with earth and stones, readily 
sink, especially when water-soaked. They there accumu- 
late In eddies, and form shoals, which ultimately enlarge 
into islands. A thicket of willows covers the new-found 
island as soon as it appears above water, and their fibrous 

' Geognostical Observations on Franklin's Polar Expedition : cited by 
Sir C. Lyell in his * Principles of Geology.* 
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roots serve to bind the whole family together. Sections 
of these islands are annually made by the river^ assisted 
by the frost; and it is interesting to study the appearance 
of the trees, according to their different ages. The trunks 
gradually decay, until they are converted into a blackish 
brown substance resembling peat, but which still retains 
mere or less of die fibrous structure of the wood. Layers 
of this substance often alternate with layers of clay and 
sand^ the whole being penetrated to the depth of four or 
five yards by the long fibrous roots of the ^villows. A 
deposition of this kind, made with the addition of an 
infiltration of bituminous matter, produces an elLcellent 
imitation of coal, with impressions of the willow roots» 
One of the most interesting resemblances to our coal 
measures observed in this place was the horizontal slaty 
structures presented by the old alluvial banks, and the 
regular curve which the strata assumed from unequal 
subsidence. The Slave Lake itself must, in process of 
time, be filled up by the matter conveyed into it daily 
firom the Slave fiiver. 

Other situations are known where vast v^etable accu- 
mulations occur. In Iceland an immense quantity of 
birch, trunks of {Hnes, fir, and other trees, are thrown upon 
the northern coast of the island, especially upon north 
Cape or Cape Langaness, and are carried by the waves 
along these two promontories to other parts of the coast, 
so as to afibrd sufficient wood for fuel and for confitructinig 
boatsL The bays of Spitzbergen are in like tiij»i«^r 
filled with diiftwood, which accumulates also upon those 
parts of the coast of Siberia which are exposed to the 
east. This wood conasts of larch trees, pants, Sibenan 
oedan, &[^ and odier woods ; and the trunks appear u> 
have beat swept away by the great rivers of A^ and 
AmericsL Scientific tzaveUers are adding other obberrcd 
phenomena <if the same kind to our £tore of idnfizaakatt. 
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The mode and vastness of accumulation being in some 
measure explained, the next problem is the original 
formation or transportation of the immense bulk of vege- 
tation thus gathered together. The two leading opinions 
on these points have been what are termed the ^ drift ' 
and the ^ peat-bog ' theories, and fierce geological battle 
has been done for both of them during the last thirty or 
forty years. According to the peat-bog theory, forests 
and jungles grew in the present coal localities, decayed 
into peat mosses, suffered subsidence with the land, which 
thus became the basin of a lake or estuary into which 
broad rivers conveyed mud and sand, out of which were 
gradually consolidated the now overlying and underlying 
shales and sandstones : and, during this period, the vege- 
table material bitumenised and mineralised into coal. 
The same area was again raised from the waters, was the 
ground for luxuriant vegetation, was again submerged^ 
and again covered with successive depositions of shale 
and sandstone. .An alternating subsidence and elevation 
are, in this \'iew, presumed to have taken place for every 
seam of coal we find ; so that the coal seams in any of our 
deposits may be regarded as so many land wastes, and the 
sandstones and shales as river wastes, and in both of these 
we now possess a kind of amphibious chronology, a well- 
marked scale on which we may now read off the successive 
periods of sunshine and flourishing vegetation, of decay 
and desolation, of disappearance and submergence, of re- 
appearing and returning luxuriance, and of another era 
of upshooting tree-ferns, outspreading club-mosses^ and 
broad flag-like foliation. 

The drift theory, however, does not permit us to 
indulge such visions to the full extent. It admits of 
partial and limited submersions and elevations of land, 
such indeed as are now taking place on our earth, and 
also of dense jungles and peat mosses experiencing the 
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same submersions; but its distinctive features are that 
the main bulk of the coal measures were deposited as 
drift and silt on lakes and estuaries, that the chief consti- 
tuent vegetation was imported by rivers and inundations 
into such estuaries, and that numerous rivers might dis- 
charge their several freights of plant-remains or of mud 
and sand, into one estuary. These transporting rivers 
were themselves exposed to periodical inundations like 
the Nile and the Ganges ; during the intervals between 
which the vegetation rank and rapid grew and closed up 
the deltas, and then furnished an important addition to 
the inland drift, the whole finally travelling down to form 
coal in the lakes or estuaries. 

It has been felt that the objections to either theory are 
formidable. For the one theory the submersions and 
elevations supposed are too numerous, and the layers or 
^ partings ' of sandstone or shale in some beds of coal, to- 
gether with fossilshells and fishes, are too apparent andfre- 
quent to allow of only super-aqueous growth. Against the 
other theory there are, perhaps, still stronger objections, 
such as the evenness, general regularity, and frequently 
unmixed purity of coal seams. A combination of both 
theories, and an admission of the occasional prevalence of 
the phenomena peculiar to each, has been entertained as 
a solution of many difficulties; but there still remain 
i^ome which perhaps our present knowledge does not 
suffice to remove. Ingenious but now perhaps untenable 
speculations have been offered to account for- such 
remarkable facts as the uniformity of external condition 
over the extensive areas now occupied by coal fields in 
both hemispheres ; the similarity of vegetation at that era 
over wide regions now temperate, tropical, and arctic ; 
the prevalence, in short, of not a few conditions which 
now appear to be almost incompatible with known existing 
agencies and ascertained causes. 
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To account for some observed facts which the theories 
just adverted to do not exactly meet^ Professor. Rogers 
puts forth a modified theory of his own, which is in 
substance as follows: — The period of the coal measures 
was characterised by a general slow subsidence of those 
coasts on which the vegetation flourished. This vertical 
depression was, however, interrupted by pauses and 
gradual upward movements of less duration and frequency. 
These nearly statical conditions of the land alternated 
with great paroxysmal displacements of the level. During 
periods of rest or gentle depression, the low coast was 
fringed by great marshy tracts or peat-bogs, derived from 
and supporting a luxuriant growth of iStigmaricBy while 
along the landward margin, and in drier parts of these sea- 
morasses, tree-ferns, conifers, and other arborescent plants 
grew profusely. In this condition, constant decomposition 
and growth of the meadows of IStigmarics produced a 
uniform and extended stratum of pulpy peat. To this 
scattered trees contributed occasional deposits of leaves 
and fronds and fallen portions which lodged in the 
marshes, passed to the pulpy state and ultimately formed 
coal, or preserved in several instances their vegetable 
structure. This view of gradual accumulation from 
StigmaricB and from deciduous contributions accounts for 
the marked infrequency and yet occasional occurrence of. 
fossil trunkH standing upon or in the coal, an instance of 
which in Lancashire we have previously mentioned. 

Now suppose an earthquake, with undulatory move- 
ments of the crust of the earth, disturbs the level of the 
wide peat morasses, and adjoining flat tracts of forest on 
one side and the shallow sea on the other. The ocean, 
as in all earthquakes, draws off its waters for a brief time 
from the great Stigmariae marsh, and from all the swampy 
forests which skirt it, and by its recession stirs up the 
muddy soil, drifts away the fronds, twigs, and smaller 
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plants^ and spreads them together with the mud over the 
surface of the bog. Hence come our laminated shales 
composing the immediate covering of the coal seams. 
Presently the sea rolls in with impetuous waves and pros- 
trates everjrthing on land. The entire forest is uprooted 
and borne off upon its foaming surges. Spreading inland, 
it washes up the soil, abrades fragmentary materials, takes 
them up and rushes out again with irresistible violence 
towards its deeper bed, strewing the products of the land 
in a coarse promiscuous stratum. It alternately swells 
and retires with surpassing energy, it oscillates tempes- 
tuously, spreads a succession of coarser or fine strata, and 
at each inundation entombs a new portion of the floating 
forest. Once more the earth is quiet, the sea becomes 
tranquil, holds only fine sediment and buoyant parts of 
vegetation. These at last precipitate themselves together 
by a slow subsidence and form a uniform deposit, exhibit- 
ing few traces of any horizontal currents. Thus we 
account for the constant reproduction of the peculiar soil 
of the coal seams and for the preservation of the Stiff maricB. 
Thus too we have the necessary substratum of another 
coal marsh. The marine savannahs again become clothed 
with their matting of vegetation, and are fringed on the 
side towards the land with vast forests of arborescent ferns 
and other trees ; and in this way we have all the essen- 
tial conditions that constituted this wonderful cycle in the 
statical and dynamical processes belonging to each seam 
of coal and the beds enclosing it. Should this theory be 
correct, then in opening a coal field we unclasp a whole 
volume of hydrographic charts, displaying, for a long suc- 
cession of epochs, the ever-changing relations of the land 
and waters. 

Whatever may be the fate of these theories, we have 
results in the position, form, arrangement, and even in the 

F 
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subsequent disarrangement^ of our coal fields^ which are 
to us of the utmost practical importance. 

The natural disposition of coal in detached portions 
(which frequently assume a basin-shape^ and are hence 
called coal-basins, and which very generally have a 
tendency to an elliptical configuration), is not simply a 
phenomenon of geology, but it also bears upon national 
considerations, and enables us to arrive at some knowledge 
of the amount of our coal. It is remarkable that this 
natural disposition is that which renders the fuel most 
accessible and most easily mined. Were the coal situated 
at its normal geological depth, that is, supposing the 
strata to be all horizontal, and undisturbed or upheaved^ 
it would be far below human reach, and at least several 
miles under the earth's surface. Were it deposited con- 
tinuously in one even superficial layer, it would have 
been too readily and therefore too quickly mined, and all 
the superior qualities would be wrought out, and only the 
inferior left. Were it all in one uniform bed, similar 
consequences would follow ; but, as it now lies, it is broken 
up by geological disturbances into separate portions, 
each defined and limited in area, — each sufficiently acces- 
sible to bring it within man's reach and labour, — each 
manageable by mechanical arrangements, and each 
capable of gradual excavation, >vithout being subject to 
sudden exhaustion. Selfish plundering is partly prevented 
by natural barriers ; and we are warned agaiost reckless 
waste by the comparative thinness of coal seams, as well 
as by the ever-augmenting difiiculty of working them at 
increased depths. By the separation of seams one from 
another, and by varied intervals of waste sandstones and 
shales, such a measured rate of mining is necessitated as 
precludes us from entirely robbing posterity of the most 
valuable mineral fuel, while the fuel itself is preserved 
from those extended fractures and crumblings and falls. 
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which would certainly be the consequence of largely 
mining the best bituminous coal were it aggregated into 
one vast mass. In fact, by an evident exercise of fore- 
thought and benevolence, in the Great Author of all our 
blessings, our invaluable fuel has been stored up for us in 
deposits the most compendious, the most accessible, yet the 
least exhaustible, and has been locally distributed into 
the most convenient situations. Our coal fields are so 
many Bitimiinous Banks, in which there is abundance for 
an adequate currency ; but against any sudden run upon 
them, nature has interposed numerous checks ; while re- 
serves of the precious fuel are always locked up in the 
bank cellars under the invincible protection of ponderous 
stone beds. It is a striking fact that, in this nineteenth 
century, after so long an inhabitation of the earth by man, 
if we take the quantities in the broad view of the whole 
known coal fields, so little coal has been excavated, and 
that there remains an abundance for a very remote pos- 
terity, even though our own best coal fields may be then 
worked out. This will be made evident when we come to 
speak of quantities and of particular coal fields. 

In our own kingdom we are wonderfully favoured by 
the number and local distribution of our coal fields. 
Furthest north we see the considerable deposits of Scot- 
land extending from the coast of Fife to the valley of 
the Clyde. In England, north of the Trent, we have 
the coal fields of Northumberland and Durham, with 
Cumberland and those of Yorkshire, Nottinghamshire, 
and Derbyshire. After these comes the large field of 
Lancashire, or, as it is sometimes named, the Manchester 
Coal field. Looking to the central districts, we see the 
coals of North and South Staffordshire and of Leicester- 
shire. In the north-west we have the field of North 
Wales; in the more central west the deposits of the 
Plain of Shrewsbury, Coalbrook Dale, and the Clee 

F 2 
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Hills ; and in the south-west we find the great coal field 
of South Wales, and the minor ones of the Forest of 
Dean, of Somersetshire, and of Gloucestershire. By the 
inspection of a good geological map, we see how advan- 
tageously for commerce these several coal stores ar^ 
distributed ; and they have exercised a greater influence 
upon the locality of men's residences than might at first 
be supposed. "What has made, for example, Newcastle- 
on-Tyne, Leeds, Manchester, Sheffield, Birmingham and 
Glasgow what they are, but contiguous coal fields? 
What has decided the locality of our vast factories and 
iron works, but coal fields? What has, therefore^ 
determined the courses of our principal lines of railway? 
primarily our great coal fields. What has doomed 
some formerly populous and otherwise convenient 
and venerable cities to languor or decay? What has 
retarded the increase of Salisbury, Winchester, and Can- 
terbury — all cathedral cities or towns, and all otherwise 
favourably situated : what but the absence and distance 
of coal fields ? What, lastly, is to determine the re- 
distribution of political power in our representative 
system, according to the scheme of Mr. Bright? Evi- 
dently the existence of coal, which attracts populations, 
concentrates industry, and must at length draw to the 
coal-bearing sites a numerical majority of the nation. 

Take a geological map of a new and thinly populated 
country, and if it be marked by coal fields, the locality 
of future cities can be safely predicted from our own 
experience. Men and manufactories will follow coal. 
The two former are the moveables, the latter is the fixed 
attraction. 

Of our own coal fields, not all have been carefully 
examined and surveyed, yet all are known generally, and 
all are more or less wrought ; so that we are acquainted 
with their extent, larger features, and most important 
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contents. When we are so far informed we may, by 
accumulating a mass of detailed observations, approach 
to a numerical computation of the amount of coals we 
possess. A survey of every coal field by some one 
intimately acquainted with its seams and their charac- 
ter, with their dislocations and denudations, and with 
the various geological phenomena of the whole, yet 
remains to be made ; and the accuracy of the surveyor's 
knowledge of all these particulars of course determines 
the value of the survey. This proceeds upon a computa- 
tion of the number of seams (the superfipial denudation 
of any of them being allowed for), and their extent. 
The result is commonly expressed in acres with relation 
to particular districts, and square miles with relation to 
whole countries. Professor Rogers gives the total 
quantity of Great Britain as 5,400 square miles of coal ; 
which nearly coincides with the latest estimates made in 
this country. 

In these estimates nothing further is attempted than a 
conjecture of coal areas ; and it is an additional step to 
endeavour to present an estimate of solid contents. This 
can only be done by averaging the very unequal thick- 
nesses of all the known coal seams. Now, the total 
average of the thicknesses of our coal seams may be 
taken at from thirty-five to forty feet. This total is in 
most fields divisible into twenty or more beds, alternating, 
as we have already explained, with numerous beds of 
sandstone, grit, and shale. Adding together the solid 
contents of the coal seams of the British Islands, and 
assuming the average thickness of the coal to be thirty- 
five feet, we obtain the vast amount of 190,000,000,000 
tons of coal. Kespecting all such estimates it must be 
remarked that, however carefully calculated, they do not 
represent the amounts of coal actually available to us> 
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but only those which are supposed to be deposited in the 
coal fields. 

Amongst our own coal basins none can compare in 
importance and notoriety with the great northern one, 
shipping its coals by the three rivers — ^the Tyne, the 
Wear, and the Tees ; or, as it is commonly termed, the 
Newcastle coal field. It has long been famous as the 
source of the best household fuel for our own country, and 
also for no small part of Europe. We shall, therefore, 
select it as the best example for detailed consideratioi^ 
omitting any lengthened notice of other British deposits, 
except the Preston and Welsh coal fields. It is bounded 
on the north by the river Coquet, and extends southward 
nearly as far as Hartlepool, on the river Tees, that is a 
distance of about 48 miles. Its extreme breadth is about 
24 miles, and its area has been stated as 800 square 
miles ; but more careful measurements would leave us to 
adopt the calculation which aifords little more than an 
area of 700 square miles. The lowest working seams are at 
Monkwearmouth, near Sunderland, where the celebrated 
shaft of Pemberton's pit has been sunk 1,710 feet before 
the Hutton seam of coal was reached ; a depth which is 
feebly conceived by a mere inspection of figures, but which 
can be strikingly represented by saying that this shaft ex- 
ceeds in depth the Monument of London piled eight times 
upon itself, and nearly equals St. Paul's piled upon itself 
five times ! This for a long period was regarded as the 
deepest perpendicular shaft in the world, but some foreign 
mining shafts now dispute with it the palm of depth, and 
a shaft near Ashton-under-Lyne approaches to it. As a 
mining enterprise, however, and a mining triumph it has 
not its superior in any locality. Undertaken by a few 
private individuals, in ignorance of the depth of the coal, 
they might well have been daunted by its apparently 
hopeless nature, and by the fearful expenses incurred. 
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111 prophecies were not wanting, — blacker than the coal 
they could not reach — and many professional opinions 
were against them. Hopeful, fearless, and unusually en- 
terprising, they persevered ; at a cost, it is said, of little less 
than 80,000/. Success crowned their eiforts, and that 
valuable coal, the Hutton seam, was won. 

A very important question has from time to time been 
discussed with particular reference to this great coalfield, 
viz., is the present rate of excavation such as to lead to 
any well-founded apprehension of a scarcity of coal 
within a period not very remote ? A reply to this ques- 
tion can only be afforded when we have something like a 
true knowledge of the real areas, number, and solid con- 
tents of the several coal seams, and also of the present 
produce of the existing mines. It is in the consideration 
of this enquiry, so interesting to all, that even the 
minutest details of the mining of our best coal becomes 
valuable. Former estimates have been found baseless for 
lack of accurate elements of computation. Thus, in 1830, 
Dr. Buckland limited the future supply, at the then ex- 
isting rate of waste of small coal and C4)nsumption, to a 
period of 400 years. He was nearly right upon wrong 
data^ for he erroneously thought that there was no coal 
beneath the limestone, a once prevalent opinion. Another 
estimate, founded upon the assumption of an area of 837 
square mfles of coal in this district, and an already exca- 
vated portion of 150 square miles, protracts our lease to 
1,700 years to come. Other calculations give us a future 
of 1184 years, or, as a minimum, 1000 years. ^ We 

' The pzopii€ts of onT pTrisp^wtire impoTeriah-mftnt In. /rjed p^rr-Aj* -:e**rrft 
distinct mentioTi- Thftir pTr.r.Lf*c:« ar* <r: .->.'!.%, :f n«or -•/:irr*,r. 1:1 I*,OI. 
Mr, 'Rulej pn&cted tks awsply cf thf: I/rrrLaa and yor^G.-ia-Z-'^rjiaii ^Ai 
would onlj Ia« 200 7»»ts; in 175*2, Dr, M^ar. naauyi 375 j-^ar^ : la I.%30. 
Dr. 'Bntkluid ^janDtd is 400 T*jkr» : :n IhV:, Prof.*«»cr T:ir,ni.*-.Ti *ar.,»ad«i 
onr good fixtinie tr> lOOOj^an: «rai :n I%aO, 3Cr. Rnci Tij'.r.r *i'*tti«t 
all -pKewkxa eaienJxtiCBt r.j izisuitliie 1727 j^^jizs. 
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^belleve^ however^ tliat not UKJ OT T ll ia n one or twiKhiq[nirers 
have thoroughly invdstigatied this matter in coitnection 
with our present knowledge of details. We now learn 
from the observations of local colliery managers that there 
are about 57 different seams of coal in the Great Northern 
or Newcastle field. These vary in thickness from 1 inch 
to 5 feet 5 inches and 6 feet^ and they form an aggregate 
of about 76 feet of coal. Some^ however, of these seams 
being so thin would not be remunerative to work, at least 
at present. Experience proves that, to defray the cost of 
mining, and to have a fair return for risk and interest of 
capital, no seam can be worked^ at any considerable 
depth, which is less than two feet in thickness. Three 
estimates have been made of the saleable coal acreage of 
this field ; and they are as follow : — 

Estimate of Mr. Hugh Taylor . . . 535,680 acres, 
Mr. R. C. Taylor . . . 499,200 „ 
Mr. T.Y.Hall . . . 471,680 „» 






We have only to ascertain the annual extraction from 
this field in order to conjecture its duration to us. Now 
in 1854 the annual produce of coal from Northumberland 
and Durham was 16,221,001 tons. Abate this to an 



* In another shape, the quantities contained in the ten principal seams 
of this coal field have been computed by Mr. Greenwell separately, and he 
finds the result to be as follows, in Newcastle chaldrons (53 cwt.) : 

Chaldrons. 
Gross chaldrons in the whole .... 2,180,551,561 
Deduct quantity supposed already extracted . 303,702,805 

Quantity now remaining in the field . . . 1,876,848,756 
Deduct loss by underground waste, | . . . 312,808,126 

Quantity remaining to be raised below surface . 1,564,040,630 
Deduct loss by present mode of screening, say one 

fifth 312,808,126 

Total merchantable round coals .... 1,251,232,504 
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annual aS/^feige of 10,000,0Cto tons (it will, in all proba- 
bility, be half as much more), or 3,773,585 Newcastle 
chaldrons of round coal ; and then we can easily reckon 
that the reduced amount will be exhausted in 331 years. 
Should the demand and supply increase, as they have done 
of late years, we may affirm, in round numbers, that three 
centuries will see this great coal field exhausted or hope- 
lessly impoverished. To confirm the authority of the 
figures, it is remarkable that a mining engineer (Mr. 
Greenwall) arrived, in 1846, at the same result as Mr. 
Hall has arrived at more recently, namely, 331 years. 
Both these gentlemen have assured us that after trying 
various methods of computation, they have come to very 
nearly the same final figures. We have only given the 
results, but having looked over the details of each seam, 
we are disposed fully to rely upon their statements. 

Some of our other principal coal fields might be the 
subject of similar prophecies. For instance, the immense 
consumption of coal in the iron furnaces and foundries 
of Staffordshire will probably lead to an exhaustion of 
that coal field even before Northumberland and Durham ; 
for its area is scarcely more than one half of the area of 
the Northern coal field. It has, indeed, one very thick 
seam of coal of &om thirty to forty feet ; but this will not 
alone counterbalance the difference. Wherever coal fields 
are situated amongst numerous iron works and mano- 
&ctories9 as well as large populations, there is a continual 
and increasuig demand upon the produce of the mines ; 
and thus even Yorkshire, Lancashire, and Derbyshire are 
more than Uving up to their income of coals. The 
quantity for supply being fixed, and the quantitr de- 
manded being continually on the increase, the actual 
period of exhaustion is not difficult to predict, thou-^h h 
may be miwekxxne to anticipate. 

^We shall^ however, have resources at that pmoi Tdach 



74 COAL AT HOME A^D ABEOAD. ^ 






will prevent a bituminous bankruptcy ; and tbeee will be 
found in one or more coal fields not at present bo largely 
worked as those previously named : particularly the g^eat 
coal field of South Wales will afford an abundant supply 
for many years to come. We prefer to speak in detail of 
this field when we come to treat of steam coal, of which it 
is the great repository, not only for ourselves but also for 
foreign markets. 

In all departments of activity and ingenuity the advance 
has been commensurate with the demand and supply of 
coal. Indeed, we doubt, whether any equal space in the 
world, not occupied as building ground for towns and 
cities, has witnessed such a rapid development of human 
labour and resources. Few sights of a commercial kind 
are more impressive than those which may be every day 
and night witnessed in these districts, where coal-waggons 
are careering in successive trains over far-stretching rail- 
ways, and hurrying down to rivers and ocean, until they 
are unloaded, and their contents shipped by gigantic 
machinery. Steam engines are unceasingly at work 
drawing coals and .pumping out water. Thousands of 
men are underneath our feet cutting down the coal by 
severe and peculiar labour. Thousands are around us 
receiving loads and despatching them by railways, and 
screening the coals by dashing them upon huge screens 
standing in long rows, whence fly up black clouds of 
impalpable coal dust, filling ears and eyes and throats 
with microscopic specimens of coal. 

Go where you will, there is a network of small railways 
leading from pit to pit in hopeless intricacy, but all having 
a common terminus on the . river's bank, or the ocean's 
shore. Go where you will, tall chimneys rise up before 
you; and here and there a low line of black sheds, 
flanked by chimneys of aspiring altitude, indicates that 
you are arriving at a colliery. As you draw nearer, men 
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and boys of the blackest hue pass you and peer at you 
with enquiring glances. Now trains of coal waggons rush 
by more frequently, noises of the most discordant cha- 
racter increase, and you know that you are at the pit's 
mouth when you behold two gigantic wooden arms slant- 
ing upwards, upon which are mounted the pulleys and 
wheels that carry the huge flat wire ropes of the shaft. 
For a moment the wheels do not revolve — no load is 
ascending or descending — but the next minute they turn 
rapidly, and up comes the load of coals, or human beings, 
to the surface. Perhaps the most impressive sight is a 
large colliery fully engaged at night work, with burning 
crates of coal suspended all around ; and after this a view, 
from some neighbouring eminence, of all the far-flaming 
waste coal heaps, burning up the accumulation of waste 
and small coal not worth carriage, ever added to the ever- 
consuming mound, until the whole district appears like the 
active crater of some enormous volcano. 

It is difBcult to form anything approaching to a correct 
estimate of the produce, the destination, and the consump- 
tion of coal ; but if 16,000,000 tons be the present annual 
yield from the Northern coal field, we are assured that the 
total annual produce of our 3,000 British coal mines is 
(as the maximum) no less than 68,000,000 of tons! — a 
quantity more than double of what had been conjectured^ 
but now confirmed by careful researches and unquestion- 
able aathority. It is very diflicult to convey an adequate 
conception of this vast produce ; but if , as a collier hs^ 
calculated, these sixty-eight millions of tons were ex- 
cavated from a pit-gallery six feet high and twelve feet 
wide^ such a gallery must be 5128 miles and 1090 yards 
in length. Or if, instead of this tunnel of more than 
five tfaopBand miles, we prefer the conception of a solid 
globe, tlien the diameter of a globe containing this annual 
prodiioe mnst be 1549*9 feet. Should a pyramidal fonn 
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be chosen, then this quantity would constitute a pyramid; 
the square base of which would extend forty acres, tod 
the height of which would be 3,356-914 feet.* 

It has been doubted whether it be possible to form any 
adequate conjecture of the extent and amount of coal in 
the principal countries of the world.^ But although geo- 



* The annexed table has been prepared to show, in a compendious form, 
the aggregate distribution of coal over the United Kingdom, in one recent 
year, 1854. In the year 1858 the total produce was rather less, as pre- 
viously stated. 



Counties and Districts 


Annual Yield 


Qnantities 
Shipped 


Used for Iron 
Working 


Used for 
Sundries 


1. Durham and North- 

umberland . 

2. Cumberland, York- 

shire, Derbyshire ; 
in all seven coun- 
ties . 

3. Eight counties 

4. North and South 

Wales, Scotland, 
and Ireland 


Tons 
16,221,001 

16,811,670 
16,189,366 

17,239,750 


Tons 
8,688,551 

719,913 
687,000 

8,824,047 


Tons 
4,300,000 

3,862,780 
3,734,693 

10,650,000 


Tons 
3,232,450 

11,228,977 
11,867,673 

2,765,703 


Totals . 


65,461,787 


18.819,511 


22,547,373 


29,094,803 



From these totals it will be seen how large a proportion of our annual 
yield of coal (more than one third of the wh©le) is absorbed by iron works. 
This, again, is chiefly appropriated to a limited area, where iron works are 
situated. Thus we find that in 1854 Staffordshire and Worcestershire 
yielded 7>500,000 tons of coal, out of which they consumed for their manu- 
facture of pig iron alone, 3,415,200 tons* So also, six Welsh counties 
unitedly produced nearly 10,000 tons of coal, and consumed more than 
6000 tons in their iron works. In Scotland nearly five sevenths of the 
annual coal produce was applied in the same way. 

' It has been found impossible to arrive at true statistics of coal in 
almost any country, nor was our own an exception until very recently. 
Mr. Richard C. Taylor was the first who made the attempt, and he published 
in the United States, a laboriously compiled volume entitled ' The Statistics 
of Coal,' which we reviewed in the XCth volume of this journal, page 525, 
and we refer our readers to that article for an abridgement of Mr. Taylor's 
interesting calculations and diagrams. The first edition appeared in 1845, 
and a second edition, somewhat enlarged by others, appeared in 1855. 
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logical surveys of many foreign coal-fields remain to be 
made^ and authoritatiye statistics are very imperfect, yet 
enough has been done by geologists, and by public and 
personal research, to enable us to arrive, at least, at an 
approximative estimate of this nature. As Professor 
Kogers has not hesitated to put forth an estimate of 
American and European coal fields, we will adopt it, and 
arrange it for our present purpose in a note. Doubtless 
advancing knowledge will lead to an amendment of some 
figures, nor are we confident that some of them should 
not be reconsidered ; but admitting such possible defects, 
the statement is highly interesting and suggestive.^ 

* Summary view of American and European Coal Fields. 

The aggregate space underlaid by the vast coal fields of North America 
amounts to nearly 200,000 square miles or to more than 20 times the area„ 
including all the known coal deposits of Europe, or indeed of the whol& 
Eastern continent. 

Comparing the assumed areas and solid contents of the coal fields of 
other countries with those of North America, we have the following 
results: — 

I. Estimated Areas of Coal in Principal Countries. 











Total Square 










Miles 


United States 


. 196,650 i 


^nare : 


miles of coal area - 




British Provinces of N 


k 






> 200,000 


America 


7,630 




ditto 




Great Britain . 


5,400 




>» 




France 


984 




»i 




Belgium . 


510 




If 




Bhenish Prussia, Soar- 










briicker coal field 


960 




f» 


8,964 


Westphalia 


380 




ti 


Bohemia . 


400 




>» 




Saxony 


30 




>i 




Spain 


200 


(?) 


»• 




Bussia 


100 




i» 





II. Estimated Quantities of Coal in Principal Countries. 

Tons 

Belgium (average thickness, 60 feet of coal) . 36,000,000,000 
France (about the same thickness) « . . 59,000,000,000 
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It will be perceived at once that no characteristic of 
the northern continent of America is more remarkable 
than the unbounded fields of coal which it possesses. 
Nearly 200,000 square miles of coal fields can scarcely 
be grasped at first thought ; and if we should go back to 
the growth and accumulation of vegetable matter neces- 
sary to their formation, can anything that we now behold 
on the surface of the globe afford us a parallel in an equal 
space? Our own coal fields, in the aggregate, would 
form but a black speck beside them, upon any map. 
The possession of such an amazing deposit leads us to 
forecast a future of almost boundless enterprise and pro- 
duction for that wonderful country. We must however 
wait, before we prophesy, to learn more of the character 
of the North American coal. At present it has been but 
little worked compared with its extent, and what has 



British Islands (average thickness, 35 feet) . 
Pennsylvania (average thickness, 25 feet) . 
Great Appalachian coal field (same thickness) 
Indiana, Illinois, Western Kentucky (25 feet) 
Missouri and Arkansas Basin (10 feet in thickness) 
All the productive coal* fields of North America 
(assuming thickness of 20 feet of coal over 
200,000 st^uare miles) 



Tons 

190,000,000,000 

316,400,000,000 

1,387,600,000,000 

1,277,600,000,000 

739,000,000,000 



4,000,000,000,000 



III. The Ratio of the estimated qtiantities of coal in the more important 
of these several coal countries is shown approximatively in the following 
fieries of numbers, making the coal of Belgium, or 36,000,000,000 tons, 
our unit of measure : — 



Amount of coal in Belgium • 1 

France, less than 2 

British Islands, rather more than . • 5 

Pennsylvania, a little less than ... 9 

Appalachian coal field, about . . . 38^ 

Illinois, Indiana, Western Kentucky Basin 35^ 

Missouri and Arkansas Basin . . . 20^ 
Entire coal fields of North America . .111 

of all Europe ... 8} 



If 
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been brought to market cannot be regarded as equal to 
our own best household coal. The total produce of 
America, for the whole thirty-five years from 1820 to 
1855, did not exceed the produce of Northumberland and 
Durham for four years, from 1851 to 1855, while it was 
less than the total annual yield of the United Kingdom 
by 7,000,000 tons. The total United States' produce, in 
1855, was 7,600,000 tons; and the same amount was, in 
the same year, yielded by Scotland alone. ^ 

That the Americans have not yet derived full benefit 
&om their extraordinary coal deposits, may be supposed; 
but it is not commonly known that, owing to the distance 

* The great coal deposit of Pennsylvania (though itself comparatiyely 
small) is anthracite, and the immense coal fields in the valley of the 
Mississippi are composed of slatecoal, which is of a similar character. 

It has been observed by Professor Bogers (who personally pointed this 
out to TLB, upon an unpublished geological map of America,) that there is a 
geological feature of high interest, connected with the position of the 
comparatively small anthracitic basins of America. They lie bordering upon 
a long ridge of contorted strata, highly metamorphosed, and the metamor- 
phic action seems to have so affected the adjacent coal, as to convert it 
into anthracite, by burning out the bituminous constituents, and so fax 
coking the coal, which becomes less and less coke-like or anthracitic in 
proportion as it recedes from the great ridge of contorted rocks, and finally, 
far away, is found pure bituminous coal, in great natural basins. The 
great hiUy ridge has acted like a lengthened range of fire, partly coking 
the coal nearest to it, and exciting less and less infiuence in the ratio of 
distance. Nor is there any igneous rock near to explain this action upon 
the acknowledged principle elsewhere observed ; and the whole effect is 
attributed by the professor to volcanic heat, steaming up from old vol- 
canoes, and causing the observed phenomena. From a similar cause, in 
comparatively recent earthquakes, near the Mississippi, it was found that 
a long line of the snow, then lying upon the ground, had been melted, 
while the mass of snow was unaffected. 

We believe that we can find an analogous phenomenon (if not due to the 
same cause) in our own South Welsh Coal Field, where the change from 
bituminous eoal to anthracite seems to have been produced by the intense 
lateral pressures to which it was subjected when the long ridges dipping 
in opposite directions, like the roof of a house, and geologically termed antu 
eOnalSj which bonnd and intersect it, were originally formed. 
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of their great coal fields from the centres of re8ideiiGe.and 
commerce^ and the absence of railroads an^ caiK|lfly' and - 
all but the most costly means of carriage, together with 
the situations of some of the coal basins behind mountains, 
the country has but little beneficial advantage at present 
in its rich natural possession. Last year the compara- 
tively limited coal fields of Great Britain exported 
363,628 tons of coal to North America, of which the 
United States received at ports of the Atlantic, 284,869 
tons. These issued chiefly from our northern ports and 
from Liverpool; the former shipping 115,147 tons. 
These figures prepare us for the fact that a^ considerable 
proportion of the coal consumed in the houses of New 
York, Boston, and other chief cities of the United 
States, is British, and that at a cost to the consumer very 
consolatory to the exporters. We are informed that the 
English coal going from Liverpool to American factories 
costs about 2/. per ton there. The most luxurious classes 
demand our Cannel coals (a Lancashire product), 
which burns with a fine clear flame, whence its name of 
candle or cannel coal, and this costs, in New York and 
Boston, nearly 4Z. per ton. An American invalid 
assured us, that having to burn a certain proportion of 
cannel coal, his annual charges for coal, in a moderate- 
sized house at Boston, amounted to 50/. ; upon removing 
to reside in a British coal country, he found that he 
saved nearly 40Z. a year in coals. The general custom 
in American cities is to burn anthracite, which can be 
delivered at New York at prices varying from 16s. 
per ton and upwards, in large stoves placed in the cellar, 
from which regulating pipes convey the heal to different 
parts of the house. Those who cannot bear this dry, 
unwholesome heating, burn, in addition, good bituminous 
coal, probably English, in the open grate, and thus the 
heat radiating from the open grate, in some degree counter- 
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The reports of the results of experiments carried on for 
Government in relation to supplying coal for the steam 
navy, greatiy favours the South Welsh steam coals. 
The consequence has been a rapid development of the 
produce of this coal field, and such an increased interest 
in its extent and products as will justify a brief notice of 
both. 

The area of the South Wales coal field has been deter- 
mined, from computations upon the ordnance and other 
geological maps, to be about 1055 square miles. It 
commences on the east in the county of Monmouth, and 
extends westward through Glamorganshire, Brecknock- 
shire, and Carmarthenshire, to the western boundary of 
the county of Pembroke. It lies parallel with the 
Bristol Channel, the numerous harbours of which afford 
great facilities for exportation, and the railways now con- 
structed in the principality will have the effect of 
diminishing the expense of carrying the coal from the 
collieries to the shipping ports and markets for home 
consumption. The coal is distributed over the included 
counties, thus : — In Monmouth it is found in the western 
part of the county, abutting on Glamorganshire in the 
north-west, and on Brecknockshire in the north. Here 
its length is about seven miles, and its breadth fifteen and 
a half miles ; the whole area being 110 square miles, and 
the coal itself bituminous and free burning. It is ex- 
tensively employed in the smelting and manufacture of 
iron, at the Tredegar and other large works on the 
northern boundary, while considerable quantities are 
shipped at Newport. Four-fifths of the entire county of 
Glamorgan are covered by coal. This area contains 
every kind and quality of coal found in South Wales, 
and embraces an extent of 546 square miles; of which 
462 square miles are bituminous and free coal, and eighty- 
four miles are anthracitous coal. Out of the above-named 
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amount twenty-six square miles lie under the sea in 
Swansea Bay. Large quantities of the bit^minom coal 
are used in copper smelting^ and in the mani^acture of 
tin plates. In Brecknockshire there are only seventy- 
eight square miles of coal, which are principally situated 
on the south-west corner, adjoining the counties of Gla- 
morgan and Carmarthen. The whole is called anthra- 
citous. Carmarthenshire possesses 241 square miles 
of coal, 105 of which run under the sea in Carmarthen 
Bay. Of this entire district, 117 square miles are styled 
bituminous, and 124 square miles anthracitous. Both in 
this and the previous county much of the anthracitou» 
coal is employed in the smelting and manufacture of iron, 
and a considerable amount is shipped at Llanelly. Pass- 
ing on, the coal continues westward through the whole 
length of Pembrokeshire, in a strip which narrows as it 
proceeds, to St. Bride's Bay, at the extremity of the 
county ; and there it holds on its course along the bay, 
at right angles to its former direction. Its whole area in 
this county is but eighty square miles, and the whole is 
anthracite, of which some is of superior quality. It is 
preferred to bituminous fuel in the agricultural counties, 
to which it is exported, and where it is used in stoves, for 
drying hops and malt, and burning lime. Thus, out of 
this whole field of 1055 square miles, we have 689 square 
miles of bituminous, and 366 square miles of anthracitous 
coal, as respects coal superficies or area. When we 
spoke, some pages back, of prospective impoverishment 
in the North of England, we alluded to this great store, 
and here we have the counterbalancing prospective abun- 
dance — in quantity — though not in equal quality. The 
present returns from all the collieries of South Wales 
under government inspection, give, for 1858, the amount 
of 7,495,289 tons, not quite half the produce of Durham 



COAL FIELDS OP NORTH AMERICA, ETC. 83 

But Qur chief interest, at present, is in the steam coal 
of South Wales. Highly bituminous coal not only pro- 
duces a small percentage of coke, on account of the 
large proportion of volatile matter which it contains, but 
its quality is much inferior to that produced from kinds 
less bitmninous. Being, also, specifically light and 
spongy, and much honeycombed, it is soft, easily 
crumbles, and therefore greatly wastes. The coal named 
semi-bituminous, however, is very valuable, and is suit- 
able for almost every purpose except making gas. Suffi- 
ciently bituminous to be easily kindled, it makes a bright 
cheering fire, and gives out great heat with very little 
smoke. It is also important to notice that its smoke, 
instead of being black and dense in large volumes, as in 
the highly bituminous coal, is inconsiderable in quantity, 
brown in colour, and productive of little soot. The 
anthracite of South Wales bums without emitting flame 
or smoke, does not * bind ' or cake, or soil when handled, 
and has a general metallic lustre. Its ash is of a light 
pink and sometimes of a dark grey colour. Properly 
speaking, it does not form a coke in the usual acceptation 
of that term ; for the water and hydrogen are expelled in 
small quantities during the distillation, and a slight 
diminution of bulk takes place, yet no new arrangement, 
as is usual in the transition of coal into coke, is formed ; 
the fracture remains the same, and there is not that 
cellular structure which every one may observe in common 
coke. 

The employment of anthracite in our steam-ships is a 
subject of great importance ; and if it should be found 
that it can be successfully adopted, part of the space now 
occupied by the stowage of coal might be saved ; and ap- 
propriated to an increased cargo, as anthracite, bulk for 
bulk^ is of the greatest density of any coaL Taking into 
account the greater specific gravity of anthracite, a saving 

6 2* 
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of one third of the space now occupied by coal might be 
saved ; and it has been proved that 100 tons of anthracite 
will do the duty of 144 tons of bituminous coal. It is 
probable that by the use of the best and best-picked 
anthracite, the necessity for calling during long voyages 
at coaling stations might be in a great measure avoided 
and in the event of a naval war, such provision for fuel . 
might be made as to give a decided superiority to the • 
steam-ships so furnished. At present, during the year 
1858, the anthracite district of South Wales yielded 
737,590 tons. Anthracite might, we believe, be rendered 
serviceable for locomotive engines by admixture with 
other coals, but its decrepitation, or flying to pieces when 
heated, will, we fear, prevent its exclusive adoption in this 
way. It was, indeed, tried in the engines on the Liver- 
pool and Manchester Railway about 1839, but the draught 
up the chimney was so strong that the coal was projected 
into the air in fine powder, and the carriages were covered 
with it. 

The American Government have been more alive to the 
importance of possessing proper surveys of their anthra- 
citic deposits than our own. Professor Rogers was par- 
ticularly instructed to accomplish this task with especial 
relation to commerce, and one of the tables in his book 
shows the development of the Pennsylvanian anthracite 
mines from the commencement, in 1820, through all the 
stages of growth. In 38 years the trade advanced at the 
rate of 184,000 tons per annum, and from 1839 to 1849, 
the produce doubled itself in each five years, while it has 
again doubled itself in eight years, so as to attain in 1857 
the aggregate of 6,431,378 tons of hard anthracite. Vast 
as our British coal trade is, it has only doubled itself in 
about twenty-four years. Anthracite is extensively used 
in the States as a manufacturing coal. For iron-smelting 
and iron-melting in the foundry, it has been employed 
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during the last dozen years, and the iron works have been 
careftdly adapted to its use. We learn, also, that it is in 
extensive employment as a steam coal in the steam-boats 
of the American rivers, and in the American lines of 
Atlantic steamers, as well as in the steam navy of the 
States. In fact, tliis kind of coal is now generally cm- 
ployed in the United States for most purposes for which 
a mineral fuel is required. 

If we examine the little that has been reported respect- 
ing the coal fields of France, Belgium, Germany, and 
fiossia, we do not learn that as yet any considerable 
amount of good anthracite or steam coal has been dis- 
covered in those great countries. The mean annual pro- 
duce of coal in France, deduced from returns for five 
years^ is only 5,490,702 English tons (of 2,240 lbs.); that 
is, about the thirteenth part of British produce at present* 
In five years France has not extracted the half of our laKt 
yearns amount, and in five years she has produced of an- 
thracite only 3,^97^20 tons. It is doubtful whether her 
anthradte forms a good steam coal, while the experiment 
on fuel which have been made in the French Na^'y bare 
demonstrated the superiority of British coal over the 
produce of the coal fields of France. An attempt faai^ 
obrioiisl J b€?en nuvle to ffrorvie Sk^ansi iht erjl day by 
accnmuladng large stores of British coal in the Yr^aa^^i 
pcMis. Last year ve export>^ Uj Fnacth \^A^^A*l VptA 
of coal, of vlddi yJA^A ucis ismifA frfjm y/ru on ti^ 
Serem, and tLe remuxtder frrjm Xortl»em y.rtrtk. buXik^ 
effect of a pcvxiibcsicci rf lisie ^nyxX fX ooal ^nra^z hfji^ 
tilitics w^rjoU be iy^f:7cEir w eziuKust t};»e iny/r*^ of "Jua ^^^ 
sentiaJ eooabbss^lite^ kud lien *x^r Vj tat^^jusrw^ ^jjh ^r^s"^^ 
tioiK of fbraizii idtxiet, bst V/ iirt-^arujit V/ a leirr ^r*:^ 
extent iIm: r^-xfw^ssrsut^ y^^ laA t^ w^r^ \tf%nik. 
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concerted survey of their mineral fuels the Americans 
have surpassed us. When we look at such a work as 
this of Professor Rogers, — laborious in statistics, accurate 
in surveys, and magnificent in form and embellishments ; 
when we bear in mind that this is merely the survey of . 
one State and mainly the results of one man's personal 
labours and studies ; we may well turn and enquire of 
our own scientific authorities what we possess of a 
similar character? The answer must be humiliating: 
we have simply nothing worth a moment's comparison. 
We are the first coal-mining and coal-producing country 
in the world. If we assume the entire annual coal 
produce of the chief coal fields in the world to be 
100,^000,000 tons, we ourselves contribute more than 
three-fifths of that quantity, and the estimated money 
value of our annual coal produce amounts to the amazing ' 
sum of sixteen millions and a quarter. We have deposits of 
the most varied character and the most valuable qualities ; 
we have a very far larger amount of capital invested 
in coal-mining than any other nation ; we employ above 
200,000 persons of all ages in this kind of labour ; we 
have some of the deepest and largest mines, and the most 
stupendous accumulations of steam power for pumping out 
water and drawing up coals ; we have the most expedi- 
tious and ingenious methods of shipping the produce ; we 
have at this hour in our coal-mining districts, scenes of 
activity above ground, and galleries of mining industry 
under ground, which astonish all foreigners who care to 
glance at the one and dare to descend to the other ; we 
have mining engineers of large experience, and even 
wealth and social position ; and we have a national stake 
in the whole of at least as great importance as we hold in 
any department of British industry; but we have no 
adequate publication on the subject — we have as yet no 
complete surveys of our coal fields — no uniform and 
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FATAL ACCIDENTS IN GOAL MINES.^ 

The title of the Parliamentary volume which heads 
this article is in part a misnomer, for it contains no/" 
report, but merely a large amount of desultory and isnis- 
cellaneous evidence prefaced by an intimation that the*. 
committee propose to resume their labours in the present 
session. The primary purpose of this committee was to 
enquire into the operation of the Acts for the Regulation 
and Inspection of Mines, and into the complaints con- 
tained in petitions from some 14,000 coal-miners of Great 
Britain, which had been presented to the House of Com- 
mons. The desires of the petitioners, as expressed in the 
terms of a ^ Petition of the Under-Miners of Northumber- 
land and Durham ' given in an Appendix, appear to be 
reasonable, but the justice of their complaints and the truth 
of tlieir statements must, of course, be tested by evidence. 
These grievances relate to several subjects connected 
with coal-mining — such as the modes of estimating work 
done and paying wages, but the most momentous com- 
plaints are those relating to ^ the fearful sacrifice of life in 
mines and collieries,^ which, say the miners, ^affords 
abundant proof that the legislative measures hitherto 
passed have proved to be totally inadequate for securing 

* I. Beport from the Select Committee on Mines ; together with the Pro- 
ceedings of the Committee, Miiiutes of Evidence, and Appendix. July 1866. 

II. Coal Mines {Accidents and Explosions). Return of a Copy of a Circular 
Letter from the Home Office to, and Reports from, the Inspectors of 
Mines to the Secretary of State for the Home Department on the recent 
Accidents and Explosions in Coal Mines, &c. February, 1867. 
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the personal safety of the miners of this country.' . To 
this matter alone shall we direct the attention of our 
readers, with a view of putting them in possession of 
such information as may qualify them to form an opinion 
upon a subject which has recently awakened universal 
public interest, in consequejice of the late terrible explo- 
sions in Bamsley and in Staffordshire.^ 

The public are by no means aware of the actual loss of 
life occasioned by coal-extraction in this country. By 
searching into various local publications in the North of 
England, and by a fair estimate of probabilities arising 
from what has been discovered, we are quite warranted 
in assuming the total number of lives sacrificed in our 
coal-mining, from the earliest notices to the year 1850, to 
be not less than 10,000. This is certainly not too high 
an estimate, and probably a very low one. In November 
of the year 1850 the first Act for the Inspection of Coal 
Mines came into operation, and henceforth we have some 
authentic data for accidents. During the ten years from 
1850 to 1860, the deaths in or at all the British coal 
mines amounted to 9,090. In the ensuing five years, 
ending 1865, the deaths were altogether 4,827. Thus 
then adding to the 10,000 deaths up to 1850, 10,000 
more (in round numbers) up to 1860, and nearly 5,000 

> In the present article we are dealing exclusively with accidents termi- 
nating fataUj. The impression which these will make might be very mnch 
deepened by an estimate of the additional number of serious but not fatal 
accidents. These are very numerous, but there is no return of them. Mr. 
Dickinson, inspector for the Manchester district, observes, * There are about 
sixty fatal accidents every year in my district, and besides these fatal 
accidents a laige number of non-fatal accidents that require invesdgation.' 
Of course these are quite unknown to the public. During a visit of some 
months paid to one of our principal coal-fields, we had daily opportunities 
of seeing and conversing with the victims of such accidents. We conversed 
with many pit-lads who had been * lamed * (or injured) several times in a 
few years, and who reckoned events by the chronology of their various 
' lamings.' 
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more up to the close of 1865, we have in all an estimate 
of nearly 25,000 deaths from coal-mine accidents, from the 
commencement of any account of them to within little 
more than a year of the present date. 

We apprehend that the melancholy mortality which we 
have just estimated has never before been brought, as a 
whole, before the country ; and certainly it has never 
been sufficiently considered in its full and aggravated 
interest. Twenty-five thousand persons have been 
snatched from our industrial population in the midst of 
their occupations, and not only so much human life, but 
likewise so much skilled labour has been removed from 
Not the infirm and useless, but the able and the 



us. 



industrious, have been thus harried away. No other 
kind of work is attended with so many and so fatal 
accidents ; and if there were suitable data for the com- 
parison, it could probably be shown that our various 
wars of recent date have not deprived us of a greater 
number of human beings, while all the deaths in and 
around mines have taken and are taking place in periods 
of profound peace and high prosperity. 

A complete list of deaths from colliery accidents for 
the ten years commencing January 1st, 1856, and ending 
December 31st, 1865, has been compiled by one of the 
present inspectors, Mr. Atkinson, of which the following 
table is a summary : — 



Canses of Death 


Number Proportion 
of Deaths Per Cent. 


Amounting to 


Deaths resulting from fire-^ 
damp explosions . ./ 

Deaths resulting from falls of 1 
roof and coals . . . J 

Deaths resulting from shaft 1 
accidents . . . .J 

Deaths resulting from miscel- 1 
laneous causes and above > 
ground . . . .J 


2,019 
3,953 
1,710 

2,234 


20-36 

39-87 
17-24 

22-53 


About one-fifth 
About two-fifths 
Less than one-fifth 

More than one-fifth 


9,916 


100-00 
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We now proceed to notice the four principal causes of 
these mining deaths^ taking the above summary as our 
text. 

First and foremost come the Explosions of Fire-damp, 
which, though not so frequent in occurrence as some 
others, are certainly the most sweepingly destructive and 
fearfully interesting of all colliery calamities, and, at the 
same time, the most diflScult to be guarded against — and 
those most exacting an unremitting vigilance and experi- 
mental knowledge. We niust presume that our readers 
are acquainted with some elementary principles in con- 
nection with these catastrophes. Coal-pits are divisible 
into two large, classes — gaseous and non-gaseous, or, as 
the miners say, ^ fiery ' and non-fiery pits. The former 
might again be subdivided into fiery and very fiery pits, 
in accordance with the less or greater amount of gaseous 
emanations. Fire-damp, or light carburetted hydrogen 
gas, exudes from the coal containing it so soon as that 
coal is worked, and continues to exude at intervals and in 
proportion to the amount of atmospheric pressure. There 
seems much reason to suppose that it exists naturally in a 
high state of tension in the coal-beds, and that when the 
pressure of the atmosphere decreases more gas escapes* 
The conmion air, in fact, to a certain extent, weighs upon 
and imprisons it. In some very gaseous coal its escape 
is audible in a low hissing sound, which we have some- 
times listened to in the gloomy stillness of a dangerous 
mine. Unhappily the best burning coal often produces 
the most gas, as is the case in the old and only trtie 
Wallsend pit near Newcastle. That very fiery mine is 
now dosed, and probably closed for ever. Well is it that 
it shofuld be closed, for such a seething gasometer is ihere 
coTcred up, that a mere slender tube let down to h attl 
brought from it to the open air^ for a long tame sent forth 
an unfailing stream of gas which being lit wcmil ^^ ft t 
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night and day continuously. There is gas enough in the 
broken wastes of that famous old mine to light up the 
whole town of Newcastle, and probably to blow the town 
into ruins if exploded underneath it. 

To render this gas actually explosive,^ it must be mixed 
with at least four times its volume of atmospheric air. 
When mixed with less than four times, or more than 
sixteen times its volume of air, it will not explode. Shut 
out the air from it altogether and it is harmless, give it a 
little air and it becomes dangerous, a little more and it is 
more dangerous, and with still more air it becomes highly 
explosive, until a large addition of air deprives it of all 
its devastating power. Hence a gaseous pit but slightly 
ventilated is thereby brought into the very condition of 
explosiveness, and the only effectual way of dealing with 
it is to dilute the gas with an abundant influx of pure 
air. Let it be miugled with common air to twenty or 
thirty times its own volume, and then it may be led like 
an enfeebled and fettered enemy along the mazy air- 
ways of the pit, and finally be dismissed to the clouds 
above. 

To do this is the aim of Ventilation, a word which, 
Avhile it suggests but a simple process to the casual reader, 
calls up before the view of a mining engineer a series of 

' Hero we use terms popularly, for ' fire-damp ' is a name given to dif- 
ferent combinations of gases, the only combustible element in which is the 
carburetted hydrogen. As may be supposed, the vulgar names for several 
mine-gases are not used with any distinct knowledge of their real properties 
or differences. Chemically speaking, fire-damp, or marsh or mine gas, is 
composed of one equivalent of carbon and two equivalents of hydrogen. 
Its specific gravity is nearly half that of common air, and by its levity it 
tends to rise to the upper parts of passages. On its combustion it forms 
carbonic acid and water. Carbonic acid is thus generated by a mine ex- 
plosion, and is so dense as to accumulate at the floors of passages. Being 
poisonous it becomes fatal to human existence, and suffocates those who 
inhale it. Further on we shall speak of this * after-damp ' more par- 
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extended and carefully devised arrangements which, at 
least in the North of England, have attained to a complex 
and highly artificial system. The principle of the 
arrangement for ventilating a coal-pit is that of two dis- 
tinct shafts, a downcast and an upcast. At the base of 
the latter a huge fire of poals is kindled, and the effective 
ventilation is measurable by the difference of the weight 
of the two columns of air in the two shafts. The lighter 
the column in the upcast, or the greater the rarefaction, 
the better is the ventilation. Yet there is a practical 
limit to its amount, which has been much discussed 
amongst pit engineers and men of science. We cannot 
here explain what some men of science have called the 
Furnace-Paradox ; but the substance of what they affirm 
is, that the effective power of the furnace is sooner reached 
than was once expected, and that beyond that limit no 
consumption of coal can produce increased results. 
Therefore, in lieu of the furnace, Mr. Gumey proposed 
to substitute the employment of a number of jets 
of steam, the emission of which at the upcast shaft 
would produce, as he alleged, a more powerful draught 
and a less irregular and uncertain current than that 
obtained by the furnace. This plan was fully considered 
at the time of its proposal, and shortly afterwards some of 
the eminent mining engineers of the North made experi- 
ments with steam-jets, and compared their effects with 
those of the furnace. Having perused the details of those 
experiments, we are compelled to conclude that, ineffec- 
tive as the furnace is beyond a certain limit, the steam-jet 
cannot be reconmiended as an advantageous substitute 
for it. 

The reader will at once perceive that the chief essential 
is a ventilating draught which will not reach its limit 
before it succeeds in sweeping out as with the strong 
wings of a steady wind the noxious emanationB of the 
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mine. In an extensive mine^ where the passages are 
long^ numerous^ tortuous, and small^ and where there are 
many human beings at work yitiating the air^ it must be 
a very powerful impulse which will drive an adequate 
air-current, in good and pure condition, through several 
miles of subterranean excavations, and carry it over all 
obstacles to its final discharge into the upper air. Add 
to these obstacles the natural drag or retardation by 
friction, which gradually weakens the air-current, so as 
to make what is at first like a tight rope become at last a 
slack one, and the necessity for great power of impulse is 
still more apparent. An air-current in a large pit may 
exceed ten or twenty miles in its entire length, and, like 
a traveller bound on a benevolent mission, it must retun 
its energy undiminished to the last, and give out its 
refreshing succours at every intermediate station. 

The furnace system has long prevailed in British coal 
mines, but it has been largely abandoned in those of 
Belgium ; and a Belgium engineer who lately visited us 
declared that we were ten years behind his country in 
coal-mining engineering, particularly instancing our 
retention of the furnace. Several minor evils attend the 
use of it, one of which is that it speedily injures the 
mining gear in the shaft which it heats. In some instances 
the men descend and ascend by the heated shaft, and it 
may readily be conceived how injurious it is to go down 
and come up a long subterranean chimney, which a 
furnace shaft really is, with a monster fire burning at its 
base. Some explosions have been attributed to the 
furnace, at which the ^ return air,' loaded with gas, has 
been said to have ignited. The Belgians use and advo- 
cate mechanical fans, which act somewhat in the manner 
of huge paddle-wheels in steam-ships, and by rapid rota- 
tion over a shaft produce a draught which the incoming 
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air rushes to meet, and thus they powerfully promote 
ventilation. 

The old mining engineers of the North, provincially 
termed Viewers, were wedded to the furnace ; but as they 
have died or retired, their successors are more open to 
comparison and to conviction. Some fans have been tried 
and approved in Welsh collieries, and a committee of the 
Northern mining engineers have been engaged in insti- 
tuting an enquiry, and a comparison between furnaces 
and fans. This enquiry ought to have been instituted 
some years ago, and we ought now to know whether fans 
really should supplant furnaces. 

The gross abuses which had previously existed in many 
of the coal-mining districts by making one shaft do the 
duty of two, thus affording an insuflScient supply of air, 
and at the same time incurring serious and constant risk 
of derangement or explosion, have in part been remedied 
by an Act of Parliament (25 and 26 Victoria, cap. 79), 
which rendered it illegal, after 1st January, 1865, to 
work any coal-pit wherein more than twenty persons 
were employed at one time with less than two shafts or 
outlets, by which distinct means of ingress and egress 
should be available to the persons in the pit. All our 
readers will remember how, for want of such distinct 
means [of egress, the unhappy miners engaged in the 
Hartley pit in Northumberland were caught as in a 
trap by the breaking of a huge iron beam in the only 
shaft. 

Two shafts, however, are but an elementary and a 
primary provision for safety, or for escape when an acci- 
dent has occurred.* While systematic and admirably 

' A subject imperatively demanding attention, is the propriety of limit- 
ing by legislature the area of coal to be worked by two or more shafts, and 
of restricting the number of miners employed for each pair of pits. ' For 
many years/ says Mr. Inspector Brough, ' my own opinion has entirely 
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contrived ventilation Is obtained in most of the well-obn- 
ducted pits on the Tyne and the Weir, and in some other 
districts where capital and enterprise are abundant, the 
reverse is still the case in several of the coal-fields more 
remote from great cities and centres of skill and activity. 
In passing from the consideration of ventilation it may be 
remarked, that this is the principal provision on which 
all practical miners rely for the safety and salubrity of 
coal-pits. AH others are subordinate or subsidiary to it. 
By the curious and effective method of ^ splitting ' main 
currents of air, and by the creation of various kinds of 
stoppings, doors, arches and ^ brattices,' a current of air 
may be as easily subdivided into lesser currents as water 
into separate rills ; and if the position of all the pitmen 
be known and ^ splits ' of air be taken in to them all, while 
the whole of the subdivided currents are finally made to 
reunite in passing out of the pit, little more is necessary 
than the keeping up of such ventilation to the highest 
amount of efficiency. 

The question, however, necessarily arises, whether 
existing arrangements can and do maintain the maximum 
of desired efficiency. In all mines of whatever extent, if ' 
not of an extremely fiery character, this maximum can be 
obtained. As a general rule, it may be admitted that 
thorough and systematic ventilation will accomplish all 
that can be at present expected. The only serious diffi- 
culty in most cases would be the enforcing of the requisite 
supervision, and the application of such regulations as 
might mainly help to enforce it. But it still remains an 

rested on the principle of a greatly increased number of shafts in fiery 
mines.' Mr. Inspector "Wynne, in a recent letter to the Secretary of State, 
expresses a decided opinion that * not more than 200 acres of coal should be 
worked from one pair of shafts, and that an additional shaft should be 
provided for every additional 100 acres.' It is lamentable to see the reck- 
less and dangerous rapidity of extracting coal in many mines without 
adeouate Drovisions for safety and health. 
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unsettled problem, whether those pits which are extremely 
fiery can, by any amount of ventilation now producible 
or produced in British mines, be rendered absolutely safe. 
If we believe, with one of the mining engineers of the 
North of England (Mr. T. J. Taylor, now deceased), 
who investigated this subject more carefully than his 
predecessors, that the fire-damp lies imprisoned in the coal 
under a pressure of several atmospheres, and that it some- 
times rushes out with prodigious force and volume, so as 
to produce what pitmen term blowers ; and if we further 
believe that these blowers will foul a considerable area in 
ten or fifteen minutes, and so foul it that the whole space 
becomes to the highest degree explosive, then all such 
ventilation as we have now at command must on such 
occasions fail for a time, though it need not fail for a 
longer time than the dissipation of the blower demands. 
We agree with the late Mr. Taylor on this subject ; never- 
theless, we think that great blowers are uncommon ; and 
that by thorough ventilation, even as at present practised, 
they are capable of being reduced and dissipated without 
insuperable difficulty.^ Viewers do indeed sometimes 
assert that no power or skill of man can wholly prevent 
explosions, and looking at the progressive deepening and 
widening of dangerous mines, and the lack of correspond- 
ingly progressive precautions and vigilance, explosions 

> When, however, we have to consider the ' goaves,* or waste and aban- 
doned parts of old fiery mines, there can be no doubt that they are vast 
natural gasometers, from the edges of which fire-damp flows out largely and 
frequently. Whether a viewer should ventilate goaves, or insulate them and 
shut them up, is a technical question ; but those old goaves, increasing and 
enlarging as they do by the mode of working pits, are most dangerous 
neighbours, and are to coal-miners what powder-mills and magazines are 
to country towns. Messrs. LyeU and Faraday paid a brief visit to the 
North of England several years ago, and published their views on the 
method of depleting goaves and rendering them less dangerous. We never 
heard, however, that their suggestions were in any one instance ^adopted, 
nor have the viewers of the North been at all influenced by their advice. 

H 
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may unhappily be expected ; but we have no doubt that 
they could be materially diminished in number, as they 
have already been to some extent, and that the minimum 
attributable to a natural necessity might be attained at 
no distant date. 

If air be as essential to miners below as it is to us all 
above ground, equally so is Light. Where there is no 
fire-damp, the only question is, what will afford the 
brightest and cheapest illumination, and candles or oil- 
lamps may be employed at pleasure. Where fire-damp 
exists men can only work by the light of some kind of 
safety-lamp. The Davy-lamp is universally known by 
name, though comparatively few have seen one, or under- 
stand its principle, much less its varieties, or the improve- 
ments made upon it in safety-lamps bearing other 
inventors' names. The original Davy-lamp is simply an 
oil-lamp surrounded by a fine wire-gauze, so fine as to 
contain from six to eight hundred openings in a square 
inch. Gauze thus minutely meshed will not allow the 
flame from the oil wick to pass through it, and it therefore 
prevents the explosion of external mixtures of air and 
fire-damp. But it will permit such external mixtures to 
pass into the flame, and then there will appear a cap or 
toj) on the interior flame greater and greater in proportion 
to the explosiveness of the exterior mixture. Thus we 
may have a half-inch or one-inch top on the interior 
flame, and learn thereby the certainty as well as the 
degree of danger. Pitmen are too familiar with such tops 
to be greatly alarmed at them ; but the casual visitor to 
a pit, liowever much he may confide in the Davy-lamp, 
does not feel at all easy under such appearances, and is 
soon disposed to return towards daylight and pure air. 

Tlie Davy-lamp is the best friend of pitmen, but they 
often treat it as disrespectfully and injuriously as they 
would their worst enemy. They attempt to enlarge the 
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flame and to get more light from the lamp than it is 
formed to give. Some will even make a match-box of it, 
and open it to light their pipes. To preaerve it from 
such indignities most employers put a lock upon it, and 
all lamps are or should be locked before delivery to the 
miners. Yet not a few of these men arc so reckless and 
perverse as to procure false keys or to pick the lock of 
their lamp. Disastrous explosions have thus been caused, 
including, to all appearance, one of the recent great 
explosions in Yorkshire. In such instances the fool- 
hardy miner usually meets the death he has brought 
upon his innocent but destroyed companions. Let the 
men be as strongly reprobated for such murderous mis- 
deeds as their masters for other carelessness. A picklock 
lamp-bearing pitman in a gaseous mine is a criminal of 
unmitigated baseness, and ought to be punished prrv 
portionably to the calamity contingent upon his mis- 
conduct. 

For more than forty years has the Davy-lamp been in 
use, and therefore upon pubUc and careful triaL Gene- 
rally, the Northern mining engineers regard it as really 
safe, and we have never found experience^! miners declare 
it to be otherwise, under ordinary conditions, and with 
the use of the es^ntiai precautions^ Neverthelei^, some 
modified lamps are rather preferable in [iractice* Thiis 
George Stephenj^on's lamp, which the pitmen fondly call 
^ the Geordie,' h protected by a glais^^, and so long as thi« 
exterior glai^e remains whole, gas will not increai^: the in- 
teneity of the flame beyond a certain degree, when it will 
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3 extinguished. Should the glass breaks this lamp 

.mply becomes a Davy-lamp. The glass may be broken 

accidentally, but in a mine where 200 such lamps were in 

ase, it has been found that scarcely ever has a piece been 

broken out of a glass. 

Another form of lamp is that invented by Dr. Clanny 
(whose claims were rather slighted) ; and when a metal 
chimney is given to Clanny's lamp, with some trifling 
additions, it becomes the lamp of Mueseler, which is 
much in favour and use in Belgium, where 400 are 
employed in one mine. Still further modifications in 
safety*lamps have been introduced both at home and 
abroad. The grand desideratum is to obtain more light 
consistently with security. The objection of the pitmen 
to the Davy is lack of light, but light must always be 
combined with security and portability. In respect to 
safety, undoubtedly those lamps which go out at once in 
an explosive mixture are the best ; but safety at the cost 
of being left in total darkness in the inextricable labyrinth 
of passages in an extensive mine, is extremely incon- 
venient. 

It is manifestly bootless to put confidence in safety- 
lamps while gunpowder continues to be used for blasting 
the coal in fiery pits. It is inconceivable that so perilous 
a custom anywhere prevails. Yet even so lately as 1862 
sixty lives were sacrificed by it at St. Edmund's Main 
Colliery near Barnsley in Yorkshire, and other serious 
accidents have probably been due to the same cause. 
Such an infatuated proceeding is actually conveying 
flame to the gas, and doing on the one hand what, on the 
other hand, safety-lamps are designed to prevent. The 
^firing of a shot' in the inner working faces of a pit 
known to harbour much fire-damp is no ordinary trial of 
courage. The sound of the dull boom that follows each 
blasting conveys to all who are not habituated to dt the 
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idea of a more extended and fatal explosion — that of fire- 
damp. It may be thought that none but madmen would 
thus blast coal while any quantity of gas is or has lately 
been present ; equally, however, may it be thought that 
no sane man would, in like circumstances, open his 
Davy-lamp ; yet men do both the one and the other. As 
it is affirmed that fire-damp sometimes issues very sud- 
denly in large quantities, and fouls a whole district of a 
pit in perhaps ten or twenty minutes, getting coal by 
gunpowder should be absolutely prohibited whenever gas 
comes forth so abundantly as to require the use of safety- 
lamps.^ 

One of the foremost among the many advantages of 
the Davy-lamp is its value as a sure and simple indicator 
of the presence of fire-damp, and therefore of danger. 
Every morning, befoi>e work begins, a subordinate officer, 
named an overman, or deputy, perambulates the working 
places of the pit, and, with his Davy in his hand, carries 
the test of safety and the measurer as well as the in- 
dicator of danger. If his lamp show a tall cap or a halo 
and an enlarging flame, he at once knows that the hewers 
of coal who are to follow him must be warned of peril, 
and in case of much explosive air a rude signal is so 
placed as to warn off the hewers altogether from the 
place. Men wRo disregard this warning do so in defiance 
of death. The overman himself incurs the first risk, and 
measures it, and hence he ought to be ^much better 

* In their joint report, dated 26th of Jan. 1867i the nnited inspectors 
recommend that this new General Rule be added : / In all workings in coal, 
where safety-lamps are used as the means of lighting, no blasting powder 
shall be used in such mine/ We should also be inclined, with one of the 
inspectors, Mr. Brough, to introduce a rule against the mixed use of safety- 
lamps and naked lights in gaseous mines. The use of candles, either by 
exploratory or other miners in pits at aU fiery, leads to numerous fatal 
accidents, all of which might be prevented by the exclusion of naked lightg. 
A General Kule to this effect appears to be advisable. 
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acquainted with the principles of the Davy and the 
chemistry of gases than he commonly is. Upon his pre- 
liminary survey, and that of his colleagues, depends the 
safety of the whole company of workmen underground. 
Many of these deputies are uneducated and ignorant to a 
lamentable degree. 

Yet even as an indicator the Davy lamp has its limits 
of usefulness, for it can only indicate to the one bearer of 
it, if he be an overman alone on his early travels through 
the pit, and it can only indicate at one time as w^ell as to 
one man. To become a continual indicator, it must be 
suspended in situ, and frequently consulted. To com- 
pensate for these defects, which necessarily attach to all 
portable lamps, Mr. George F. Ansell, of Her Majesty's 
Mint, has invented an ingenious and simple instrument, 
by which he professes to show both the accumulation and 
the rate of accumulation of a mass of fire-damp, or even 
of carbonic acid, so as to make this known to the master 
without man's agency, and thus to cause the servants to 
be more particular #in observing rules and performing 
their duty. For this purpose Mr. Ansell employs a 
balloon of thin india-rubber, which, singularly enough, is 
expanded both by carbonic acid and by fire-damp. This 
balloon is filled with atmospheric air, tied at the neck, 
and bound round to prevent lateral expansion. So pre- 
pared it is placed under a small lever upon a wooden 
stand, so as to exert a gentle pressure on the lever. If 
fire-damp or carbonic acid accumulate round it, either the 
one or the other will pass (by a particular law of gases 
well knoAvn to chemists) through the substance of the 
india-rubber balloon, and, accumulating inside, cause it to 
expand, so as to press against the lever, thereby raising 
it and releasing a detent, with which the terminal poles 
of a battery are connected. By this arrangement a tele- 
graphic communication is effected to a distant locality, 
and a warning on the spot may be given simultaneously 
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The greatest peril in a fiery mine, and that which is the 
most difficult to be guarded against, is a sudden and 
violent discharge of fire-damp. Such discharges, as we 
have previously intimated, are known as ^ blowers ; ' they 
issue with prodigious force and emit an immense quantity 
of fire-damp in a very short time, so that long passages of 
a pit have in not many minutes become filled with highly 
explosive air, or, as pitmen say, ^ fouled.' In such cases 
Mr. Ansell would apply a little apparatus in the belief 
that no eruption of gas can be so sudden that his in- 
vention will not announce its approach in from five to ten 
seconds, according to the percentage of fire-damp con- 
tained in the eruption. This instrument consists of an 
iron funnel, whose stem is bent like the letter U, the 
funnel part being closed with a plate of glazed Wedg- 
wood ware ; the stem being closed with a cap of brass, 
through which is passed a platinum-tipped copper wire, 
capable of just dipping into mercury previously placed in 
the bend of the funnel. The distance between the 
platinum-pointed wire and the mercury regulates the 
point at which the indication as regards the eruption 
should be given. If, when the instrument is properly 
adjusted, gas impinges on the porous tile, diffusion (ac- 
cording to the known chemical law of diffusion of gases) 
takes place, and the presence of the accumulating gas 
forces the mercury against the platinum-pointed wire, 
and the circuit being thus completed telegraphic warning 
is given on the spot, and may be conveyed to the distant 
manager's room, either by a needle or by a bell.^ 

Such instruments are admirable in theory, and inge- 
nious in their usefiil application of the remarkable law of 
the diffusion of gases, made known by Mr. Graham, but 
it remains to be seen how far the promises of their inven- 
tor are verified by practice. At least full and repeated 

' Appendix No. 4 to the Evidence of the Select Committee on Mines. 
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trials should be given to them before they are coDsigned 
to neglect. Some similar or modified instrument may be 
ultimately found successful^ and it would be no slight 
advantage in the management of a fiery pit, if the 
manager could be infallibly apprised of accumulating gas 
even though its amount were unknown. A further and 
signal benefit would be conferred by enabling the 
manager also to ascertain with facility the amount of gas 
per cent., and this Mr. Ansell would accomplish by em- 
ploying the present aneroid barometer, very delicately 
constructed, and bearing a porous tile in the place of its 
ordinary back. Having adapted it for his purpose by 
some mechanical additions, he takes it into the suspected 
part of a pit, and holds it by the ring handle till it has 
become of the same temperature as the place where it 
then is. The maximum effect of a gaseous atmosphere 
on this instrument is produced in about forty-five seconds, 
when the face of the indicator must be immediately and 
accurately read, because when the maximum is attained, 
what the chemist terms effusion takes place, namely, the 
mechanical passage of gas through the tile by pressure 
above, and then the hand on the face travels back to 
zero. When dffusion ceases, effusion takes effect and 
empties the chamber of gas. 

Our apprehension is, that in the present lack of sci- 
entific knowledge, accuracy, and tact among at least the 
second and inferior orders of colliery managers and men, 
Mr. Ansell's instruments are far too delicate in their con- 
struction and application to become much used in pits ; 
but he deserves great credit for his philanthropic attempts, 
and practical chemists will admire his ingenuity if prac- 
tical colliers decline to avail themselves of it. It is 
notable that the Davy-lamp simultaneously afforded cor- 
responding indications while Mr. Ansell was testing his 
aneroid instrument, and it is satisfactory to find, as Mr. 
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Ansell observes, * that marvellous arrangement, the Davy- 
lamp, gives magnificent indications/ In truth, if the 
simple Davy-lamp were fairly treated and fully accepted, 
and if those who use it were thoroughly acquainted with 
its principles and with all its indications, fiery pits might 
be worked with coniparatively little risk of explosions. 

An electric light has naturally suggested itself to men 
of science as a source of illumination for coal-pits, and 
two or three years ago a foreign savant appeared at 
Newcastle with a mining lamp on this principle. This 
invention gave a safe light, but too feeble and uncertain 
for practical use ; it had been suggested to the inventor 
by the glowworm. On the general question there can be 
no doubt that a powerful, brilliant-, and perfectly harm- 
less light might be introduced into pits by the use of 
a good battery and all its necessary adjuncts. But no 
man who has travelled through the long, weary, tortuous, 
and seemingly interminable ways and bye-ways of an old 
and extensive coal-pit would propose batteries and wires 
and other apparatus as a simple substitute for portable 
safety-lamps. The first question would relate to practica- 
bility, which may be doubtful from the extent of area, 
the difficulty of adjustment, and liability to derangement. 
The next question would be cost, and on that we have no 
doubt that the expense would deter nearly all managers 
and owners of coal property from voluntarily employing 
the apparatus. The third question would be. Who will 
consent to bear the expense and pains of a first and full 
trial ? It would, however, be very desirable to make ex- 
periments on a small scale, and thus to ascertain if these 
warrant a larger outlay and more extended trials. Pit- 
men have a great objection to any but the simplest and 
most indispensable apparatus underground, and numerous 
or lengthy wires would be much exposed to casual or 
malicious injury. 
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A public exhibition of mining implements and improve- 
ments in Newcastle or Durham or Leeds^ Manchester, or 
Birmingham, would be of great utility to the coal-mining 
population. At such an exhibition managers and miners 
might observe models or specimens of every kind of 
safety-lamp, and of all implements and instruments which 
have been suggested either by scientific or practical men. 
If such exhibitions were periodical, and if foreign coal 
countries were invited to combine, signal advantages 
would ultimately accrue. It is strange that so vast and 
important a section of our industrial population as our 
coal-miners — the males, according to the census of 1861, 
employed in coal-mines, amounting in number to 282,473 ; 
and according to the computation of the inspectors in 
1865, to 315,451 — should be without some such exhi- 
bition, while agricultural shows, displaying various agri- 
cultural implements, are frequent and successful. The 
numerous benefits arising from the adoption of this sug- 
gestion will occur to miners, and one at least would be- 
the establishment of intercommunion between the men of 
different and distant coal-fields. Thus some of the 
33,000 colliery workers of South Durham might frater- 
nise for the best purposes with some of the thousands of 
their fellow -workpeople in other localities. Scientific 
men, too, might attend these meetings, and there might as 
well be a British Association for the Advancement of 
Mining, as a British Association for the Advancement of 
Science. All projects like those of Mr. Ansell might be 
there expounded and discussed ; and Instead of mere 
local Institutes of engineers there would be a general 
gathering of mining science and skill from our entire 
coal-fields. There was. Indeed, a few years ago, a meet- 
ing of Mechanical Engineers at Birmingham, which was 
both successful and agreeable. Why should there not be 
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an extension and recurrence of such meetings, on the 
plan of our suggestions ? 

While so much has been said of fire-damp, it is apt to 
be forgotten, and perhaps is little known, that mining 
viewers of large experience attribute at least seventy per 
cent, of the deaths in fiery mines to after-damp, and the 
small remainder only to fire-damp. The after-damp, 
sometimes called choke-damp, is a combination of gases 
in proportions dependent upon the peculiar circumstances 
of each explosion. These combined gases are nitrogen, 
carbonic acid, carburetted hydrogen, and common atmo- 
spheric air. Carbonic! acid gas is dense and poisonous, 
and in an atmosphere containing as little as ten per cent, 
of it, human life can only be maintained for a short time. 
Indeed three per cent, is fatal if the amount of oxygen 
falls below eighteen per cent, in the same atmosphere. 

In several instances of exploded pits, little companies 
of men in the interior who had escaped and survived the 
explosion have been cut off and destroyed by the imme- 
diate generation of after-damp. The effect of death by 
the one gas or the other is very distinctly seen in the coun- 
tenances of the dead. The poor men killed by the fire- 
damp are marked with bums and scorchings, and their 
features all more or less distorted or disfigured. On the 
other hand, where men have been suffocated by choke- 
damp, their features are placid and simply inanimate. It 
is evident that the after-damp has speedily deprived them 
of the power of breathing, and has almost instantly 
choked them. 

Utter neglect of precautions against after-damp seems 
to be prevalent in all mining disteicts. Not a few pro- 
positions have been made from time to time in this 
direction, but we never read of any practical application 
of them in the hour of danger and death. If common 
air could have been conveyed at once to the two hundred 
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and four sufferers in the Hartley pit when they were 
under the deadly influence of after-damp, most of them 
might still be alive. 

It should be the aim of managers by additional con- 
trivances to render every miner as independent of the 
noxious influence of after-damp, as a good safety-lamp 
can make him independent of fire-damp. The miners 
themselves should always carry simple means of covering 
the face. An inspector of mines once told us that in 
investigating the circumstances of many explosions, he 
heard of several instances where pitmen caught by an 
explosion, but surviving it, had placed a wetted cap or 
handkerchief over their faces, and then passing over the 
dead bodies of their unfortunate companions, had come 
out safely from the extreme recesses of the pit. So, too, 
have pitmen saved themselves by stuflSng their caps into 
their mouths, and then bending as low as possible have 
crept securely to the shaft. 

Those to whom this subject is unfamiliar will have 
been astonished to perceive in the brief tabular abstract 
at the commencement of this article that the deaths from 
falls of the roof and pieces of coal in pits have amounted 
to 3,953 in ten years, and that these form two-fifths of 
the entire number of deaths from all extraordinary 
causes, and considerably more than those arising from 
any other specific cause, being at the rate of 39*87 per 
cent. The difference between the mortality from ex- 
plosions and from such falls is similar to that between a 
brief epidemic and an habitual local disease, or, to vary 
the metaphor, between a short, sudden battle, and a con- 
tinuous dropping fire upon a retreating enemy. A little 
explanation will make it apparent how these deaths so 
frequently, and, as it may be said, so regularly, occur. 

Nature has packed up coal so closely and compactly 
that it is impossible to put more of it in the same space 
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by any mechanical means. But when man begins to 
break up a coal-seam, he, as it were, unpacks the load, or 
destroys the coherence and balance of the whole mass. 
He removes the natural support of the coal-bed; he 
takes, as an architect would say, the floor out from the 
building, and as he only imperfectly props up the roof 
and walls, a more or less speedy ruin ensues. The main- 
ways or high-roads of a mine are built up and arched like 
our railway tunnels, and hence they are safe enough. 
But this cannot be done in the low, long, narrow passages, 
which are often not above four feet in height, nor could 
proprietors bear the expense for many miles in area. 
Propping up with timber is the only available expedient, 
and when sufficient and sufficiently sound timber is 
employed little more is needed than watchfulness in 
repairs. Unhappily the temptation to spare expense 
often leads to inadequate timbering ; and the rapid de- 
struction of the props by wear and tear, and the rot 
generated by the damp heat underground, make this a 
serious item of expenditure. 

The character of the coal itself in some places adds to 
the necessity of much timbering. In South Staffordshire 
the rhomboidal structure of the material in its jointy 
beds causes the famous ^ ten-yard seam ' to be much 
intersected, and produces a naturally complicated network 
of joints, in the direction of which the coal is very ready 
to fall asunder. This corresponds in some measure to what 
the Germans expressively call ^ slickensides.' Moreover, 
by what is technically termed * ihe pillar and stall ' mode 
of excavating, enormous cavities are left behind, often of 
thirty feet in height, and of course ' settlements ' ensue, 
together with violent concussions and sudden collapses, 
locally called ^ lumps,' of great masses of material. 
Even a small piece falling from a height of from twenty 
to thirty feet may kill a man. How much more fatal must 
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large fragments be I In the year 1857, in the collieries 
only of South Staffordshire and Worcestershire, eighty- 
one persons were killed by falls from the roofs of pits, 
in obtaining 6,000,000 tons of coal. This amounts to 
13*5 deaths per million ton of coals got. At the same 
time, the average of deaths from the same cause for the 
whole of Great Britain was 5'15. Thus, this is the 
special evil of one district, and the local inspector has 
stated that inexcusable carelessness prevails in timbering 
the roofs. If a place only looks safe, without any test, 
a few props alone are put up, and consequently a fell 
soon occurs. ' The reigning cause of the destruction of 
human life,' to quote Mr. Brough, an inspector's words, 

* is the constantly recurring falls of stone and coal from 
overhead and from the sides of working places.' ^ Indeed, 
if we take England, Wales, and Scotland together, it 
may be affirmed that not a single day passes without the 
occurrence of some calamity from falls of ponderous 
masses of coal or shale or ironstone in coal and ironstone 
mining. 

No legislative interference with the systems of excava- 
tion would be tolerated,^ although it is affirmed that the 

* long wall ' plan is superior to the ' pillar and stall ' mode 
of working, in particular cases at least, for by the former 
more coal is raised per acre, and better ventilation can 
be secured ; but adequate timbering does come within 

* The same inspector thus reports, under date February 1, 1867 r — 

* Something really must be done to prevent mortality by these falls of coal 

and stone. The number annually killed by such class of accident is dread- 
ful in the extreme. Taking an average number of years since the inspection 
was established, it will be seen that death by falls of material goes fright- 
fully beyond any loss of life by explosion of fire-damp. It is clear that 
something must bo done : we should not go on crushing the people to death 
in this way.' 

2 In their Petition the miners complain that ' the practice in the Staflford- 
shire collieries of working the thick coal in more than one face is highly 
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the province of Government inspection, on the ground of 
safety of life and limb, and it is a miserable parsimony 
that permits one life to be destroyed every day in the 
year by culpable neglect. 

There is a very dangerous duty in the economy of 
timber, called ^ drawing the props.' In so doing men 
stand ready with an axe in the waste places of a pit 
about to be abandoned, and knock out each prop succes- 
sively, rescuing it and themselves at the same time. In 
one pit we ourselves stood at a little distance and wit- 
nessed this process. A man cleverly struck a prop^ 
while another drew it away, and both retreated. The 
roof then, having nothing to support it, began to give 
way and fall in. Woe to the unfortunate prop-drawer 
who cannot escape before the stones fall ; yet men can 
be got to perform this hazardous duty for about the same 
pay as the hewers of the coal obtain^ 

The day^ though not the date, may be clearly foreseen 

when machinery for cutting coal will rapplaot, in> far an 

hewing is concerned, human labour* Coal-eutiiog 

machines have been for several years propoied and diiH 

played in one or two fomis^ and have been nuncemfaUy 

tried in a few instances* But the «pttr of neeemhy znA 

the expectation of independeoee will urge fm the ttisaten 

to quicken and f^^ter the geimai of ftneb inventMk^* At 

this Tery time the Sooth Lancariure and Cb^bire Amfp^ 

ciation has o^end yrafA fAmmatj for the besit n^aclnnea 

of this cha^^kCXtzT. Ail the eflEr>rt* of the w^/rkin^ tttiTBer% 

to act upon and ^^nia^ol their tuqii/jjtn will UxA Up thk 

endy and »Iow as "iut xca0XfiX9t. may be m entertamlr^^ fidw^ 

projects, thej w-ZZ, ^^/iLj ir^fcrjoi^ 3Wjdi rria/^,bi&eft ^^ itrSX 

render them mr>r* asui vc^sfc^. indepeadeat ^f dr^a* su^^u 

Thus iaIUarucx and avicg'Wir'Vwi tci^^w^ <>fo»- lead v> «Li>- 

stantial impro'Temefl:^:^^ 

Many azraiM^'ixiiens^ fta;?^ alrmtdj \jwbl aucic^ lanagat^ 
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ground, by which human suffering and painful labour are 
diminished. We remember a collier's song which had 
the burden, ^ God bless the man who brought us metal 
trams,' — that is, the tramway-plates of metal which of 
late years have been laid down in pits, and have enabled 
the ' putters ' to push along their loaded baskets of coal 
with greater facility. Much more animated and choral 
will the burden some day be, ^ God bless the man who 
brought us down machines.' Meanwhile, however, 
adjustments consequent upon the introduction of new 
machinery will have to be made, and temporary depriva- 
tions to be endured. But hewing down coal in deep, hot, 
dark, dusty corners of pits is not a kind of labour which 
we can honestly wish to be perpetuated for civilised men. 
It is not, perhaps, so unhealthy as some other occupations, 
chiefly because it is carried on only for a few hours per 
diem consecutively. But in thin low seams, where the 
hewers must needs lie on their sides, or squat down half 
naked in painful and unnatural postures to perform their 
work, the sooner cutting machinery can be introduced 
the better — better for the men as well as the masters^ 
better for the mind as well as the body. 

That the number of fatal accidents in shafts of coal- 
pits should amount to 1,710 in ten years — that is, to 
nearly one-fifth of the total number of accidents in the 
same period — may strike many readers with surprise. 
Had they, however, themselves descended shafts, espe- 
cially in ill-conducted mines, that surprise would be con- 
siderably diminished. The passage below and upwards 
in many inferior mines is a passage of perpetual perils. 
The chain, or the conveying vehicle, or the rope, or some 
part of the winding apparatus, may be suddenly broken, 
and death as suddenly ensue by a terrible fall of the 
living load. From the careless way in which %ome men 
and many boys ascend and descend they are in daily risk 
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of such a calamity. Even without carelessness in them* 
selves, it may exist in the man who superintends their 
Conveyance, or some part of the gear of the engine or 
pumps may fail. What happened in 1862 in the shaft 
at Hartley is too clearly in remembrance to need more 
than an allusion. A great variety of accidents may and 
do happen in shafts, and many that are injurious though 
not followed by death. 

Nearly the whole of these calamities, and perhaps 
really all of them, arise from preventible causes. There 
can be no unalterable reason why any human being should 
fall down a shaft, or why a stone from the shaft-side, or 
the passing load of coals, should fall upon him. Ropes, 
chains, buckets, and all winding gear, can be made strong 
and good, can be renewed when old, and examined when 
doubtful. The improvements, too, in shaft apparatus are 
considerable. Strong wire ropes are now and long have 
been in extensive use, while buckets and crazy baskets 
are superseded by the so-called ^ safety cages,' which run 
smoothly upon iron guides, and somewhat resemble 
vertical railway trains. While descending in these safety 
cages one feels in perfect security. True, the suspending 
chain may break, but the cage is instantly caught by ex- 
tending arms and stopped. All such machinery being in 
the first instance costly, it is chiefly adopted in superior 
districts, and is seldom found in rougher and more primi- 
tive coal-pits. In these latter, moreover, there is a lack 
of suflScient fencing and guarding, and consequently there 
are a number of what are in effect pit-traps set for the 
destruction of any luckless and unwary passenger. The 
Act provides that none except males above fifteen years 
of age shall have charge of a windlass or other winding 
gear, and that in certain cases steam engines for winding 
shall only be in charge of persons above eighteen years 
of age. So far good, for mere lads were previously in 

I 
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• 

charge of such apparatus ; but it is to be hoped that fatal 
shaft accidents will now more speedily and very consider- 
ably diminish. 

What are termed * Miscellaneous accidents in mines 
and above ground,' which amounted to 2,234 in the ten 
given years, and formed more than one-fifth of the whole 
number of fatal casualties in that time, result from a 
great variety of causes. These we cannot specify in 
detail, but they are all, like those previously treated of, 
preventible by vigilance, care, and forethought ; and even 
if this assertion were questioned or qualified, there is no 
doubt that a very important diminution might and should 
take place in their number. We do not mean to assert 
that with the present workmen and pitmen all recklessness 
or inattention can be speedily eliminated. But the more 
these men are educated and raised in self-respect and 
sensibility to evil, the more will the number and the 
occasions of injuries and fatalities be lessened. 

From the information afforded in the preceding pages 
the reader will be qualified to consider and form an 
opinion upon the important subject of coal-mine inspec- 
tion. It was a matter of great diflSculty to obtain 
even a qualified assent from the coal owners andmanagersf 
to any amount of inspection, and incoherent as these 
authorities were on other subjects, they became coherent 
enough for opposition to what they regarded an inva- 
sion of private rights and liberties. A landowner who 
managed or possessed a coal mine treated it like a game- 
preserve, and warned off intruders by penalties and 
threats of man-traps and spring-guns. The first Children's 
Employment Sub-Commissioner who visited the great 
northern coal-pits, found himself suspected, misconceived, 
and regarded in the light of a superior detective. More 
light gradually broke in upon the minds of the mining 
magnates, who became more urbane ; but so soon as the 
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first Act for Inspection was about to be framed, the coal- 
lords and the principal northern viewers combined to 
offer a strong opposition on details. Even enlightened 
Nicholas Wood took up arms in this warfare, and although 
it was never known to the public, every important clause 
in the Act was a matter of contest and mutual concession. 
The Act therefore finally resembled a treaty between 
belligerents, and though what is now secured is less than 
one side hoped for, it is more than the other was at one 
time inclined to yield. 

Now, however, that several years have elapsed, and 
inspection has been found to work well on the whole, we 
are in a much better position to judge of its eflScacy 
and of its possible extension. In the tabular statement 
of colliery accidents for ten years before alluded to, 
which Mr. Atkinson, an Inspector of Mines, presented 
to the Select Committee on Mines, there is a comparison 
of the results of two quinquennial periods, and this 
comparison is designed to display the benefits of inspec- 
tion. During the first period of five years embraced 
by the table, from 1856 to 1860, both inclusive, there 
were 5,089 deaths in the kingdom from colliery accidents ; 
and during the same period 381,067,047 tons of coal 
were raised. On the other hand, during the next five 
years, from 1861 to 1865, both inclusive, 468,548,905 
tons of coal were raised, so that if the deaths had 
increased in the same proportion as the quantity of coal 
raised, the deaths during the latter period of five years 
would have been 6,257*3 in number; whereas they only 
amounted to 4,827, being 1,430*3 fewer deaths during 
the second than during the first quinquennial period. 
This is a reduction to the extent of 22*9 per cent, in five 
years, being at the rate of 4*58 per cent, per annum in 
relation to the coal raised. 

To display the benefit of one measure, viz., the passing 

I 2 
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of the Duplicate Shaft Act in 1862, it is shown that 
during a period of three years (1860, 1861, and 1862) 
immediately preceding the operation of this Act, there 
were 3,178 deaths from colliery accidents throughout the 
kingdom, while during the same period 264,358,164 tons 
of coal were raised; whereas during the three years 
(1863, 1864, and 1865) succeeding the passing of the 
Act, 286,853,443 tons of coal were raised ; so that if the 
number of deaths had increased in the same ratio as the 
coal raised, the number of deaths during the latter 
triennial period would have been 3,448*4, while the 
actual number was 2,758 deaths, being 690*4 deaths less 
during the second than during the first of these two 
consecutive triennial periods. 

Statistics and verbal testimony alike demonstrate the 
value of inspection. In some districts the value is more 
conspicuous than in others, and it may not be wholly 
attributable to the actual work of the inspectors, but as 
much to the greater care induced in the conductors of 
collieries, by the knowledge of the law as well as the 
beneficial operation of its provisions. For example, 
there are general rules laid down by the Secretary of 
State, and in addition special rules for each district 
administered by the authority of the inspector. The 
special rules for the Lancashire coal-field, now lying 
before us, are well ordered and carefully detailed. By 
general and special rules, therefore, there is now a sort 
of codification of colliery law. The general rules for 
all coal and ironstone mines are fifteen in number, and 
are printed in the Act. The special rules are in each 
case to be framed by the owner of every coal and every 
ironstone mine, and transmitted to the Secretary of 
State for the Home Department, after having been 
publicly suspended for fourteen days ; and are finally 
returned to the framer for constant exhibition and en- 
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forcement. All the provisions relating to rules are 
excellent. 

At present there are twelve inspectors of coal mines 
for England, Wales, and Scotland, and it has been the 
aim to distribute their allotted duties as fairly as could 
at first be estimated. In practice, however, great 
inequalities are found to arise, and must from year to 
year arise in consequence of the difference of districts 
and the disproportionate scales of mining extension. An 
inspector who has a number of fiery pits in his province 
experiences vastly more care and anxiety than one who 
has none of that class. He is always at the mercy of 
fire-damp, and always in fear of an explosion. Such an 
explosion as that which lately happened at Bamsley 
awakens grave solicitude and occasions much extra work 
for an inspector. In this particular instance the inspector 
resigned after the investigation into the explosion, and 
has been succeeded by another officer. 

Each and all of the inspectors have far too many 
collieries to inspect if they really attempted to examine 
them. No doubt the public, when they think for a 
moment on the subject, are under the impression that 
every considerable coal mine in the country is in course 
of periodical examination by some one of these twelve 
official gentlemen, and no doubt this is a natural con- 
clusion. The inspectors themselves, however, hold a 
very different opinion of their duties, and carry out a 
very different practice. They do not profess to descend 
into and thoroughly inspect all of their pits. ^ They do 

* Although the above observations are still in a measure applicable, yet 
by the Coal Mines Regulation Act of 1872 (3d & 06 Vict.), the Home 
Secretary is empowered to appoint assistant-inspectors, and has already 
appointed several who undergo a previous examination as to competency. 
It is inteiided that these gentlemen shall work under the direction of the 
chief inspectors, and perhaps ultimately succeed them. So far the sugges- 
tions offered in this article have been accepted. 
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not even propose to go down and through them all in 
any stipulated period. Many of the colliers have never 
seen them at all, and do not know them. To *visit all the 
places underground is an utter impossibility as things 
now are, and an inspector may live and do his work 
during ten or fifteen years in his locality, and make his 
annual report to the satisfaction of the Home Secretary, 
without a personal and intimate knowledge of more than 
a very limited number of his collieries. All this they 
themselves admit, and this is what the working miners, 
as most people will think justly, complain of. 

Can and ought the present twelve inspectors to do 
more ? They themselves would reply — we cannot and 
we ought not. We cannot, as a matter of physical 
capability and personal comfort — we ought not, as we 
think, on grounds of expediency. We cannot, because 
we are not ubiquitous — and because it would be mani- 
festly impracticable for us to satisfy ourselves of the con- 
dition of every mine out of some two or three or four 
hundred under our charge. Besides, they would add, it 
must be inexpedient for Government, through us, to 
assume the direction or admonition or control of all the 
mining managers subject to our visits. In such cases we 
should become the head engineers of our districts, and 
have to come into frequent collisions with the several 
managers and owners, with whom it is our policy to keep, 
as far as possible, on good terms. If we were to attempt 
to perambulate the whole of the deeper and larger mines, 
each of them would demand a day, or a large portion of 
a day, and we could not accomplish our other duties. 
One of these gentlemen, indeed, openly declares that if a 
condition of inspection be that the inspector may be 
called from his bed at dawn, to go down mines all day, 
the sooner the Act is repealed the better for all parties. 
A perpetual peripatetic supervision is to be dreaded alike 
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by those who would have to perform it, and those who 
would have to endure it. 

Here comes in the consideration of the objection 
founded upon a diminished or shifted responsibility. If, 
say the masters and managers of collieries, you propose to 
establish over us a rigorous and minute inspection, ex- 
tending to the enforcement of the inspector's opinion or 
advice in details of management, then you will shift the 
responsibility of safe working from us to the inspectors. 
We cannot follow their advice and at the same time be 
responsible for the consequences of doing so — especially 
if their views should be contrary to our own. We, for 
instance, may think that a certain course of proceeding 
recommended by an inspector would Isad to danger or an 
explosion. If we are compelled to adopt it, and an ex- 
plosion should ensue, clearly we should be guiltless. We 
are satisfied to have the near residence and occasional 
visits of an inspector, and we do not object to show him 
whatever he legitimately desires to examine. We want 
no more, nor should we willingly endure more. 

Thus both managers and inspectors come nearly to the 
same conclusion. Things are tolerable as they are, are 
better than they were, and, moreover, may be still better 
in years to come ; why then interfere and introduce a 
new element of discord ? 

On the other hand, the miners themselves, as repre- 
sented by the present petitioners and the most respectable 
and reflecting individuals of their body, express or would 
express, difierent views. The actual terms of the 
petitioners are these : — 

That the feazful sacrifice of life in mines and coUieriea awards 
abundant proof that the legislative measures hitherto psiaaed have 
proved totally inadequate for securing the peisonal aaSesj of the 
miners of this countrj. 

That jOTir petitionen beherethat the aaMzinceof Hie in 
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and collieries can only be prevented by the appointment of a 
sufficient body of sub -inspectors, whose duty should be to examine 
internally the mines and collieries in which your petitioners are 
called upon to labour. 

That the constitution and practice of coroner's courts, so far as 
they relate to accidents in mines, are so objectionable that justice 
is not secured to your petitioners. 

That accidents in mines are mainly caused by the want of skill 
in the agents, overmen, and chief managers of mines and coUieries, 
and from lack of diligence or want of care on the part of the sub- 
ordinate officers. 

Such are the words of the ^ under-miners ' — that is, we 
presume, the underground miners — of Northumberland 
and Durham, who as a body are considerably in advance 
of similar men in other coal-fields, and who, it should be 
remembered, work in the best regulated mines, on the 
whole, in the kingdom. The evils, therefore, which exist 
amongst them may be fairly presumed to exist in a more 
aggravated degree in other collieries. 

Whatever abatement we may make in the representa- 
tions of these miners for their supposed esprit de corps, 
and for their presumed antagonism to their employers — 
which, however, we are not inclined (from personal visits 
paid to these pits and pitmen in the two counties named), 
to estimate as very important in this ])articular cause — 
whatever abatement may be made for any such feelings, 
there remains a very large residue of fact which the 
miners aflSrm they can justify by their experience. When 
examined as witnesses they naturally appear deficient in 
tact, and in the power of stating their case strongly. So 
that we must not judge by the scanty evidence we get 
from them in the volume before us. Knowing, however, 
full well their views and their mode of life and labour, we 
may state their case, perhaps, with more force and clear- 
ness than they do for themselves — and at the same time 
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They feel that the present supervision is quite inade- 
quate for their safety, because they know from daily ex- 
perience what is deficient ; they work in the midst of such 
defects, and hear each other's complaints. The miners 
know what the inspectors do not and cannot know, except 
from themselves. It is true that they can give notice to 
the inspectors in their several districts of a notorious de- 
fect and any apprehended danger, and that in most 
instances they can rely upon the inspector's attention to 
their notification ; but at the same time they feel that by 
giving such notice they incur the secret or open dislike 
of their superiors, and are sometimes plainly told, ^ If Jhe 
pit is not good enough for you, you can seek another.' 
Unfortunately they often have no personal knowledge of 
the inspector, and are seldom aware when he is about to 
visit their pits, although they allege that the masters 
always are, and often prepare the pit accordingly. They 
desire to have opportunities of acquaintance and conver- 
sation with the inspector, and such ready access to him 
as shall enable them to tell him freely and instantly when 
there is danger and discomfort ; and they desire to be 
allowed, without identification and risk of dismissal, to 
point out where and when his presence is required. They 
know so well, and see so clearly, that a well-designed 
system of inspection may be nullified by stratagem and 
avarice, that what really looks well to the public, and 
works well to some extent, appears to their strong in- 
sight * totally inadequate to securing their personal 
safety.' 

They do not so much wish for more inspectors of the 
same order as the present ones, although they would 
gladly welcome them if competent, as for sub-inspectors 
who would probably be more freely appointed and easily 
found than principal oflScers. Such persons, indeed, are 
ready to hand in and around the pits at this time. The 
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working miners would suggest the appointment of such 
men as the under-viewers or second-rank managers of 
pits now are. This class of men (speaking £rom what 
we remember of the Northern collieries) obtain salaries of 
from 150/. to 250/. a year at present — ^rarely, perhaps^ so 
much as 300/. They have in nearly all cases been brought 
up to the duty from early years, and in actual pitwork 
are frequently clever and trustworthy. Indeed, firom 
this class often and ultimately come the viewers or head 
managers themselves. Select from their ranks twenty or 
thirty of the best men, subject them to careful examina- 
tion, throw the appointments open to competition, and 
when you have obtained the required number, then dis- 
tribute them over the entire kingdom and adjust their 
duties in subordination to the present and future twelve 
inspectors-in-chief. A systematic and personal inspection 
of pits would then be in operation ; the sub-inspectois 
would report to their principals, and the labour of the 
latter would not only be lightened, but better directed, 
and not as now often dissipated and spent in vain ; at the 
same time the working miners would feel more at home 
mth the sub-inspectors, would get frequent hearings, and 
fuller sympathy with the details of their complaints. 

The question is not whether the masters, owners, and 
chief engiaeers of collieries approve of this suggestion, 
for they certainly do not; nor is it a question whether 
there would not be frequent discords and disputes in con- 
sequence. Assuredly any regular and rigorous examina- 
tion of pits would lead to these consequences upon the 
discovery and indication of neglect or defect. But the 
true question is, would the plan be efficient, and would 
the ideal of colliery inspection be thereby carried into 
practice ? Readers can judge for themselves, to some 
extent, from what we have laid before them; and we 
certainly do not see the full force of the objections of 
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masters, managers, and inspectors to such a proposal. 
If they could be obtained, and paid, and stationed with- 
out delay or diflSculty, we should prefer an addition to 
the present body of inspectors on an equal footing. 
Twenty in place of twelve might accomplish much, and 
in no long time bring up the inferior mines to the present 
level of the superior ones. Twenty capable and earnest 
men — twenty such men as some of the present inspectors 
are — ought fully to carry out the provisions of the 
existing Act — suggest and secure improvements, and, 
if fully empowered, work out all that could be fairly 
expected from supervision. 

But if there be financial or other impediments to such 
an addition to the inspectors-in-chief (who, we may note 
in passing, are not too highly paid, if really efficient), 
then let there be sub-inspectors. The experiment has 
been tried in the inspection of factories, and has worked 
thoroughly well, to the satisfaction of all concerned. 
This fact is v lost sight of when a number of fanciful 
objections are raised to the project, and when it is pro- 
nounced inoperative. Apart from possible improvements 
in inspection, and reverting to the present time, there is 
manifestly a want of some considering, experimenting, 
criticising, and admonishing head, or association of heads, 
in relation to the safe conduct of our extensive and 
valuable coal mines. There are now 3,256 collieries in 
Grreat Britain,^ and so rapidly have these increased in 
number, that in 1865 the number was only 2,614 ; should 
the future increase be in the same ratio, which perhaps is 
not likely, the argument we are now employing would 
be by so much strengthened. In all these collieries, in 
effect, every owner does as seemeth to him good. He is 
circumscribed only by conditions of policy, and to a 

* In 1871 the total nmnber of coUieries under Government inspection in 
Grreat Britain was returned as 2,760. 
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slight degree by the few Government officers entitled 
inspectors. True, efficient superintendence, like honesty, 
is the best policy, for an owner of mines loses far more 
by a serious accident than he would pay for good over- 
looking. The same observation applies to fire insurance, 
yet many men do not insure ; and, in like manner, many 
colliery owners do not provide the most careful, and con- 
sequently the more costly, supervision. There is wanting, 
therefore, for such men a force ab extra^ and knowledge, 
judgment, and skill to justify that force. 

The most delicate and successful indicator of fire-damp, 
the most improved and approved safety-lamp, effective 
ventilating fans, excellent and safe shaft machinery and 
winding-gear, superior underground apparatus, coal- 
cutting machines of approved power and economy, and 
all the various coal-pit improvements and ameliorations 
which have been for so many years proposed and dis- 
cussed — partly adopted and partly neglected, — all these 
may be well known to men of science, and their respective 
merits and defects clearly ascertained. Yet so far as 
most coal owners and managers of pits in general are 
concerned, they might as well never have been invented 
or considered. There might be a Pantechnicon of 
coal-mine machinery and mining-gear in London, and 
every implement and improvement might be registered 
and ready for use, but still, without the impulse ah 
extra, things may go on underground as negligently as 
of old. 

Strong hopes were once entertained that a special 
Mining College would be established somewhere in the 
North of England. For years the project was discussed, 
half-formed, and much favoured by the mining engineers of 
Newcastle-on-Tyne, and principally and earnestly advo- 
cated by the most eminent of them, the late Nicholas Wood. 
Even he, however, with all his experience, influence, and 
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skill, failed in this excellent enterprise ; with his decease 
it is to be feared the Northern Mining College in prospect 
also perished.* 

The apathy of large bodies of mercantile men in relation 
to the highest interests of those working under them and 
with them is proverbial. Of late years, however, it has 
often been found possible to awaken even such bodies 
by strong and rightly-timed appeals to beneficent and 
ameliorative action. Though many coal-owners individu- 
ally effect much good, yet collectively, we fear, they are 
as apathetic as any commercial body. Scattered over 
different districts, widely separated from each other, 
seldom coming into personal communication, and always 
deeply occupied in their callings and collieries, it is diffi- 
cult to devise any method of appealing to and influencing 
them for good — for higher aims, for the attainment of 
the greatest efficiency and security in their collieries, and 
the steady advancement of their men in education, in 
mining ability, and in commendable conduct. For their 
own professional protection they can form a Mining Asso- 
ciation which presents an united front ; it is much to be 
desired that they would present equal unity and energy 
against ignorance, incompetence, and carelessness. Mining 
in the best coal-seams is yearly becoming more difficult, 
and yearly requires increased ability and fertility of 
practical resources in managers. Men of mining mark 
are frequently tempted away from the most systematically 
wrought pits to other districts by higher remuneration. 
Mr. Wood declared twelve years ago, that there was in 

* An Educational Institute has recently been opened at Newcastle-upon- 
Tyne, and an appropriate and handsome building is about to be erected at 
a cost of 4,000^., if that sum can be obtained. This building will include 
the Coal Trade, Mining Institute, and the Wood Memorial Hall. The 
family of Mr. Wood have liberally assisted this enterprise, but it seems 
strange indeed that so wealthy a body as the coal-owners of the North of 
England do not at once contribute 4,000/. 
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his vicinity in the Durham district, an actual scarcity of 
properly educated persons to take the management of 
mines. The class of competent managers has not been 
largely and proportionably increased since that time. The 
great body of pit-working people is now in danger of de- 
creasing as well as the small body of fully educated super- 
intendents. Were there good local mining colleges or high 
schools, this latter class would be gradually augmented. 
Such establishments are urgently required to raise the 
tone, form the character, and develope the talents of the 
young men who now live in and around the large coal- 
fields, with little stimulus to, and few means for, self-im- 
provement. In such districts as South Staffordshire and 
Worcestershire even the overseers are notoriously ignorant, 
so much so that the local inspector, Mr. Baker, states in 
evidence — ^ We occasionally find the overseers of the pits 
quite as ignorant as the working-men. They are good 
men for all practical purposes in the mine, but as for 
education some of them are very ignorant indeed.' 

We have purposely refrained from observations on the 
two notorious recent explosions in Yorkshire and Stafford- 
shire, because the daily newspapers have published nearly 
all the evidence taken at the inquests, and because, also, 
they form the special subjects of reports to the Home 
Secretary, which will be shortly made public. The tenor 
of these reports may be easily anticipated, and what we 
shall learn from them will in all probability only be a 
more authentic record of the evidence we already possess, 
and a statement of conclusions we may already foresee. 
The Select Committee, now reinstated, and we trust re- 
invigorated and stimulated by a lively consciousness of 
increased responsibility, arising from the terrible ex- 
plosions which have occurred, as it were, in the midst of 
their deliberations, will doubtless devote special attention 
to this subject. It will be vexatious indeed, if from all 
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these hopeful quarters, in addition to the accumulated 
labours, reports, and evidence of previous committees who 
have examined able and abundant witnesses relating to 
mining accidents, and of commissioners who have per- 
sonally visited the pits, and have reported upon them in 
great detail, we do not ultimately obtain a satisfactory 
system for the benefit of the 315,000 coal-miners working 
in the inspected districts. With all the science, practical 
skill, and appliances at our command, it will be indeed 
distressing if these hard-working men should still continue 
to lose on the average one life for every 321 persons 
employed. A death on every working day in the year is 
surely not the ultimate attainable minimum of coal- mining 
mortality. 
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In this Appendix I proceed to offer some additional and 
confirmatory information upon the following subjects : — 

I. The Output of Coal during the year 1872, and the 
number of persons then employed in our coal mines. 

II. Colliers' Wages and Work. III. The Rise in the 
Price of Coal. IV. The Supply, Consumption, and Cost 
of Coal in the future. 



I. The Output of Coal in the Year 1872, and the Number 
of Persons then Employed in our Coal Mines. 

The following is a tabular view of the output in the United 
Elingdom during last year as compiled from the evidence of the 
Inspectors of Mines, and printed in The Mining Journal of 
May 3rd : — 



South Durham 

Northumberland, Durham, &c 

Yorkshire 

Derbyshire, &c. 

Lancashire and North Wales 

North Staffordshire 

Gloucester and Somerset 

South Wales 

Scotland 

Ireland (estimate for 1872) 



Tons, 1872. 
17,395,000 
13,000,000 
14,536,000 
10,660,000 
18,363,236 
16,877,188 

7,000,000 

10,131,725 

15,383,609 

200,000 

123,546,758 
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The next tabular view sHows the number of persons .employed 
in each of the districts specified, with the average quantity in 
tons raised by each person during the year, 1872. 





Persons employed 


Average 




in 1872. 


of tons. 


South Durham 


. 45,300 


384 


Northumberland, &c. 


. 39,000 


333 


Yorkshire 


. 51,056 


285 


Derbyshire, &c. 


. 39,200 


271 


North Staffordshire . 


. 27,555 


228 


South Staffordshire . 


. 31,500 


335 


Lancashire, West 


. 28,657 


326 


Lancashire, North, &c. 


. 34,000 


261 


Gloucester, &c. 


. 27,300 


256 


South Wales . 


. 38,427 


263 


Scotland, West . . 


. 20,639 


307 


Scotland, East . 


. 30,000 


301 



II. Colliers^ Wages and Work. 

From the evidence already given before the House of Com- 
mons' Committee on coal, it appears that the rise in colliers' 
wages or earnings has been very considerable in all districts, 
especially in the case of the hewers. With reference to Lan- 
cashire, Mr. Alfred Hewlett, who is Managing Director of the 
Wigan Coal Company, and both a colliery viewer and proprietor, 
and who further has about 10,000 men employed in various pits, 
stated that the average of one man during a fortnight in April of 
this year was 245. \d. per day ; of aoother, the average was 
265. lOd, ; of another it was 95. (jd. ; of another, 9s. 10c?. ; of 
another it was IO5. 4cZ. ; of another, 95. lid, ; of another, 175. 9<f.; 
of another, 125. lOc?. ; of another, I65. lie?., in all instances, 
after deducting what the men are allowed. Such were the actual 
daily earnings of hewers, who worked from eight to eight and a 
half days in the fortnight. It would have been in the power of 
these men to earn this rate of wages every working day in the 
fortnight, and their employers would have been very glad if they 
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liad so worked. The men could have worked the whole twelve • 
days without injury to their health. On the whole, the wages 
have increased 64f per cent, from September, 1871 to 1873 ; 
and of this 50 per cent, is due to 1872. 

The above seems to be the most remarkable instance of a 
great increase of earnings, but in other districts a considerable 
rise has also followed. The Inspector of Mines for Lanarkshire 
and adjacent parts in Scotland stated, that in his district wages 
have greatly increased. Labour is scarce now, and they cannot 
get Irish labourers as formerly. The preceding prices refer to 
hewers and getters of coal, but unskilled labourers who used to 
receive 35. 6d, and 4^. a day, now obtain from 8«. to lOs, a day. 
The Inspector of a neighbouring district to the above-named, 
said that for the four years preceding 1872 the wages of miners 
were somewhere about 45. 2d, a day, whereas last year the 
average was nearer Is. M, a day — ^understood wage. In another 
Scotch district, where the colliers work by piece, the work is so 
set out that by a fair day's work the men can now make Is, 6d, 
a day. 

Mr. Booth, the General Manager of the Claremont and other 
collieries at Ashton-under-Lyne, and who has about 1,600 men 
in his district, stated that in his two principal mines the wages 
are, in the one case, 45 per cent, greater than in 1867, and 156 
per cent, more than in March, 1869. In the other case, the 
amount is 47 per cent, greater than in 1867, and 161 per cent, 
more than in March, 1869. This calculation is founded on the 
price paid per ton, taking together the whole gang of colliers 
employed below ground in getting coal, and upon a division of 
the total wages by the number of days work at eight hours a 
day. 

For the fortnight ending March 19th, 1873, the average 
earnings in the different mines were Ss, 6d., Ss, lid,, lOs. 3</., 
105. dd., 95. 9d,, 85. 8ri., 95. Id,, and 95., the general average 
being 95. Sd,, reckoning men and boys together. 

Mr. Booth thinks the men have profited j^ecunianly by the 
rise in wages, that is, they have received more money, though 
they have not worked so long. Men who understood their work^ 

X 2 
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and worked well and continually, could earn large sums. In 
one instance, two men and a boy have not for a considerable 
period taken less than 22Z. a fortnight. But generally the men 
now work fewer turns in a fortnight, at the rate of nine as 
against eleven formerly, so that they have lost two days a fortnight 
upon the general average since the rise in wages. 

The same witness pronounced his opinion that by far the 
majority of men spend the money as fast as they get it, and that 
the principal portion of them are even worse off than before. 
Though they make more money, they are in social condition 
much worse than before. The men combined, in Jxme last, to 
work no more than eight hours a day. The men earn as much 
as before, but the consumers have to pay a higher price for their 
coal. Many of them take every Monday and Tuesday for play, 
and then work 20 per cent, more on the Wednesday and Thurs- 
day forming the last two days in the fortnight. Neither are their 
houses better furnished, nor are their families better clothed, for 
the rise in wages. 

Mr. Hewlett declared that the men have been more and n^ore 
disinclined to work full time. In the pits he supervises at Wigan, 
which are now working full time as against half time in 1869, 
there has been a deficiency in the output arising £rom this cause. 
The working hours are one and a half to two less per day, and 
the number of days worked have also been much reduced. The 
average amoimt of work per man per fortnight is not more than 
from eight to eight and a half days. In the beginning of the 
year the men asked to have their wages paid weekly, instead of 
fortnightly, and so anxious were the coal owners to increase the 
output, that* they acceded to their request if the men would 
agree to work every day in the fortnight for six months, and 
consent to forego the * play Monday.' Upon the consent of the 
men having been obtained, the owners were put to considerable 
expense in keeping the pits in full working order, but veiy few 
men indeed have worked full time. 

The same gentleman expressed his opinion that the alterations 
which have been made in the hours of labour of young persons 
between twelve and sixteen, have caused a very serious check to 
be placed upon the output of coal in conjunction with the disin- 
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«clination of men to Vork frill hours, and that the effect of this 
check will be to decrease the output by 15 per cent. ' 

Under the new Act of Parliament, the hewers cannot work 
Jbeyond fifty-four hours in one week, supposing they have the 
assistance of young persons. If the hewer were disposed to work 
rep^arly and fully for fifty-four hours in the week, he would pro- 
bably produce a great deal more coal than at present ; but, in 
fact, he is paid on Saturday night, does not come on Monday, 
:and very likely not on Tuesday, and perhaps only does part of a 
day's work on Wednesday, so that it is really only in the latter 
part of the week that he gets into full swing. In former times, 
he used to make up in the second week what he lost in the 
first. 

As far as Mr. Hewlett coidd judge in the last three months, 
the effect of the restrictions and conditions just named, has 
<been to increase the cost of coal by Is. Ad, to Is, Sd, per ton. 

Mr. Booth also thought that the operation of the Mines 

Regulation Act would be to diminish the supply of colliers, 

: since employers cannot now have the same number of boys as 

formerly, and they cannot be worked as they once were. Be- 

. sides, it is very difiScult to get them to go underground at all, 

imless they go at an early age, and mothers have a great objec- 

:tion to their sons going down if they can get them anything else 

ito do. No other labourer would become so good a collier as if 

Jbe had gone down when a boy. If boys cannot be got to work 

in the pits, this circumstance alone will restrict the output; nor 

is any great increase of output to be looked for, notwithstanding 

^the great rise in wagies. 

The manager of the Earl of Dudley's collieries, in South 
•Staffordshire, which employ from 8,000 to 10,000 men, observed 
that the pits in his district were able to put out more coal than 
they do if more men could be obtained, or if the men at present 
•employed would work more time* He agreed with Mr. Booth 
•with respect to the want of improvement in the men, and their 
homes and habits, by the rise in wages ; and, as a magistrate, 
^grieved to say the number of cases of drunkenness have very 
much increased. There will be a great scarcity of good colliers 
in future, owing to the circumstances above named; and, in 
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fact, in South Staffordshire, the parents are taking all the boj» 
out of the pits, and have been gradually doing this for the last 
seven or eight years. 

For West Yorkshire, Mr. Tennant, of Leeds, affirmed that 
many hewers make £4 a week, and that some few take home 
about £6 a week, who work six days a week to earn this sum. 
He had not observed any great difference in the men in con- 
sequence of the advance in their wages, and no general social 
improvement. The price of the labour alone, as between 1867 
and 1873, has risen from 2s. 10c?. per ton to 65. 5c?. (This state- 
ment gave rise to nimierous questions.) 



III. Rise in the Price of Coal, 

In West Lancashire the rise in the price of coal has been* 
about 75 per cent., and while coal has there been rising, a con- 
siderable exportation of it has been going on from Lancashire by 
sea. In the western district of Scotland, the inspector paidi 
IO5. GcL for 24 cwt. of coal for domestic consumption in the- 
year 1860 ; but in 1872 he had to pay 285. 6d, for the sam6 
quantity, though he only paid 125. or 145. in 1871. He at- 
tributed this rise to the great excess of demand over supply in 
pig iron, the price of which has gone up from 505., at which it 
stood for a number of years, to GL and 8Z. per ton. 

In South Staffordshire the greatest demand for coal was 
admitted to be for ironworks. 

Mr. Booth, of Ashton-under-Lyne, attributed the rise in 
price to the greatly increased demand for coal for manufacturing 
purposes of all descriptions, but chiefly for cotton and iron 
manufactories ; not so much in his district for iron making as- 
for the manufacturing of cotton. The machine shops largely 
demanded coal ; and the increased number of mills and work- 
shops, all of which used gas, rendered more coal necessary for 
gas making to meet the demand. The demand for coal gradually 
increased up to the year 1873, until, in January last, everybody 
got alarmed while coals were not to be had, and the enormous- 
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demands could not, by any working, be met. Mr. BootH does' 
not think that the masters can combine to keep up the prices, 
though the action of the men can and does raise the price; 
which is largely influenced by the rate of wages. 

The manager of the Earl of Dudley's collieries, in South 
Staffordshire, gave evidence much to the same effect. The 
shortening of the hours of labour has seriously interfered with 
extraction of coal. In 1872 the coal averaged from lis. Sd. to 
lbs, per ton; in 1873 from 15s. to 19s., tlie latter being the 
present price. Coal began to rise in 1869 ; it got to 10s. Sd, in 
September 1871, and gradually to 19s. He believed that the 
Association of Coalowners, of which he was the Chairman, 
* could have put the price up to a very great extent, during the 
last year or two.' * 

Several of the witnesses confirm the fact, that, from 1870 up 
to the end of 1872, the output of coal has decreased, while the 
demand has increased, so that old stocks were speedily drawn 
upon and by the end of 1872 were altogether exhausted. For 
instance, according to Mr. Hewlett, his company, at Wigan, had 
800,000 tons of coal in stock towards the latter part of 1876 ; 
and there were other large stores in hand at other places. As 
long as there were such stocks to fall back upon, the diminution 
of the output was not felt, but when an increased demand in 
manufacturing and domestic consumption sprang up, and the old 
stocks were exhausted, naturally the price of coal increased to 
the rates we have been lately familiar with. 
- The increased rate of wages is connected with this, and it is 
evident that the high price of coal has led to an increased demand 
for high wages. 

Another circumstance affecting the cost of coal^ is the custom 
of some districts to contract very largely for the delivery of 
certain quantities at certain prices. Probably 60 per cent, of 
the coal produced in the district round Wigan, has been raised 
to supply under contract. Mr. Hewlett thinks that there are a 
very large number of contracts in force at present which cause 
an actual loss. Perhaps they were made in or before 1869, when 
wages and materials were far less in price. 

The difference in the prices of coal raised since 1867 is thus 
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stated by Mr. Hewlett: — ^In the year 1868 it was 6^ per cent* 
less than in 1867 ; in 1869 it was 9^ per cent, less ; in 1870 
it was still 9^ per cent, less ; in 1871 it was eight per cent, less; 
in 1872 it was 34 per cent, more than in 1867 ; and in the first 
quarter of 1873 it was 82^ per cent, higher. These differences 
are calculated upon coal up to the period of its being put in the 
trucks on the sidings to be carried away. 

Mr. Robert Tennant, of Leeds, a coal owner and a member of 
the West Yorkshire Colliery Proprietors' Association, is familiar 
with that district, and supposes there are about 300 collieries in it. 

The tonnage raised last year amounted to 7,000,000, and 
there are about 25,000 men and boys altogether employed in the 
various collieries. He gave evidence that the price of coal in 
West Yorkshire has been raised since 1870 from 75 to 150 per 
cent, to meet the increased demand. For the years from 1867 
to 1870 inclusive, the average selling price in his own colliery 
was 55. Sd, per ton, that is for every variety of coal brought to 
the surface. During the year 1871 the average selling price for 
all sorts of coal was 55. 8d. per ton, and in 1872 it was 9** Sd. 
per ton ; the great increase in 1872 having taken place in the 
latter part of the year. The price of the very best coal is now 
about 205. a ton. Four years ago it may have been about 
9s. 6d, For the entire district it would be no exaggeration to say 
that the best coal has risen in cost by from 75 to 100 per cent 

Mr. Tennant was closely pressed respecting the power of the 
Colliery Proprietors' Association to put up the price of coal, and 
replied : ' I will not be certain that the price of coal would have in- 
creased as it did, unless there had been some sort of arrangement 
amongst coal owners that it should rise. There was an attempt 
made of which I entirely disapproved, and I ceased to be Chairman.' 

This gentleman was urged to produce the pay-sheets of his 
colliery, in order to show the sums received per man, as, said 
Mr. Alderman Carter, * the colliers deny entirely that such 
wages as you state are paid in the district.' Mr. Tennant had 
no personal objection to produce them and promised to do so. 

The above-cited testimony -will sufficiently explain the views 
entertained by some of the best-informed witnesses examined 
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IV. The Supply, Consumption, and Cost of Coal in 

the Future. 

It is natnial that after treating of the preceding topics we 
should turn an anxions eve towards the fhtnre; and the dis- 
tinction drawn in the first Article between causes in continuous, 
and causes in temporary operation, with relation to consumption 
-and cost, will materiallj help us to form a conjectural opinion 
iipon a matter interesting to alL 

It has been established incontrovertiblj that amongst the 
causes in continuous operation to enhance cost, the principal one 
is the revival and prosperity of iron-making and metallilexous 
trades, as well as of cotton-spinning and other manu&ctores. 
If these trades and enterprises increase in prosperity, the cause 
on their side will be constantiy and simultaneously operative. 
The more pig iron, railway iron, angle iron, and copper we 
make, the more of coal we shall require and consume. In &ct, 
the demand and rise in iron and coal are inseparably associated. 
Should these enterprises and trades decline, the cost of coal wiE 
in like proportiosi Himinigh- 

It is true that the best household coal is not of the same 

kind as that consumed in ordinaiy manu&ctories, but in some 

hitherto- unexplained mawnpr the price of the best housdiold 

coal always rises with that of inferior coaL Whedier diis 

is an optional or a neceasaiy conseqfuenoe, it is impoflnble to 

decide. Probably any rise in one branch stimulates the desire 

to raise the price in all other branches. This may be owing to 

collusion or not, but the result to the public is the came. It is 

donbtfol if the Metropolitan public have really been reoorins 

real Xewcastle, cr Hetton ooal, at all during tibe recent cool ^*nA^y^ 

A portion of the Xcatibem household coal has been latc^ dl T ttlttl 

to iron works. 

Some other cames will not ccly be continixrai^, but aV% jj^ 

<grea«ingly opezaxiTe. One cf tiaese is the demand for ao^ wladt 

-will be cxxicnrrent with increue of popnlaticn and tibie 

-of laige towns and citaeiL Xeaziy all the Gas Qam^asoB^ 

profiperonsiy and, ncCwidiiiaDdisg sercial projects oT 

r, no tnlatitnte lor^ndiitineib 
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of coal has yet been successful to any large extent. The best 
coal is essential to the manufacture of gas, and the well-known 
Cannel Coal of Wigan, in Lancashire, is the most appropriate. 
In Grermanj it has been found that the Brown Coal, or imperfect 
Lignite, is very useful in producing a certain kind of gas ; but as 
we have very little coal of the same kind in Great Britain, this 
discovery does not concern us. It concerns Berlin, and there 
will probably be of some importance. We have still to depend 
upon the best gas coal for a largely increasing demand. Eveiy 
house, mill, and workshop illuminated with gas, is to that extent 
an item in the increased demand for gas coal. • 

In the first Article in this book, I endeavoured to assign the 
proportionate values to the several distinct causes for demand of 
coal. I now add for illustration the probable distribution of 
every thousand tons of coal raised in the kingdom, as fax as it 
can be approximately represented : — 

As it was observed by Mr. L Lowthian Bell in his recent 
Presidential Address at the Iron and Steel Institute, roughly, 
according to the figures in the Reports of the Royal Com- 
missioner, every thousand tons raised is disposed of as follows : — 
In paper-making and preparing, 6 ; in smelting copper, lead, tin, 
and zinc, 8; in waterworks, 14; in breweries and distilleries, 
18; in chemical manufectures, 19; in railway works, 20; in 
steam navigation, 30 ; in works of clay and glass and lime- 
kilns, 31 ; in textile fabrics — wool, cotton, silk, flax, and jute, 
42 ; in gas works, 60 ; in mining operations, 67 ; in coal 
exported to foreign countries, 92 ; in general purposes, chiefly 
steam engines, 121; in domestic use, 172; in iron and steel 
works, inclusive of coal required for their steam power, 300 ; 
^1,000 in the total. Hence it appears that the iron trade of this 
country requires as much coal as any of the two largest sources 
of consiunption. 

This statement completely establishes the view. I have taken of 
the demands for coal for iron and metalliferous manufactures. 
When these are exceptionally prosperous, coal will become pro- 
portionately dear. Manufacturing supremacy is bounded by the 
supply and cost of coal, and that particular industry suflfers most 
into which the cost of fuel most largely enters. 
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It is apparent that, aamming the household consoinptioii of 
coal to be as 172 against 300 in iron and steel works, any small 
economj effected in household use will not diTninish condderably 
the total demand. To some extent it will tell, but not 
materiallj, in a gross consumption of 123,000,000 of tons per 
annum. 

The price of coal has ahreadj &llen considerably, namely,, 
to 30s. per ton for best household, taking the price in the 
London Coal Exchange as quoted at the time of writing these 
lines ; that is, it has £dlen from an extreme panic price to an 
ordinarily dear price. Whether it will &11 still lower, and 
whether the household consomer will gain proportionately when 
coal is delivered to him, are subjects of conjecture. 

As regards the colliers, if they can contrive to combine and 
keep up their wages, while they diminish the total output, by 
just so much will they enhance the price of coaL Althou^ the 
evidence at present given before the Select Committee is against 
them, it is possible that they may adduce counter evidence, and 
in all £umess they will be duly heard. Nevertheless, the exist- 
ing evidence is decidedly against them, and if they dispute it, 
then it must be verified by an appeal to pay-sheets and authentic 
figures. No doubt if the demand decreases, their earnings will 
correspondingly decrease. Th^ themselves are aware of this 
&ct, and no effort of theirs can countervail it in the long run. 

The increasing scarcity of hewers is a very important elonent 
in the consider^ion of the future cost of coaL I have 4ready 
described the peculiarity of their work, and the evidence given 
shows that no men can do this work so effectively as those brou^t 
up to it fixnn boyhood. Tina hd is well known to all who have 
inspected coal mines, and no attempts to attract agricultural or 
other labourers to pit work will entirely surmount the difikuky. 
Apparently there will be a great demand far good hewen, and 
these men cannot be immediately multiplied to the oocaacsi. AH 
other departments of colliery labour can be recruiied ad UinttoL, 
but this one of hewing, gayeciaHy in thin seams, is tlie ff^rVfi 
and difltoilt dqartment of woik. I need not add to iIk ize- 
ceding obsenrations on tfiis topic 

Quite opposite opinions are eaqnesed as to Ae poBbiEsy cf 
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^n increased output of coal. It will be seen that some of the 
witnesses do not expect it, or consider it practicable, while Mr« 
I. Lowthian Bell says, * in my opinion an important addition can 
and will be made to the present output, but it is very possible 
that the time is approaching when any extension ofmanufactoring 
operations in this country will have to be regulated, not by the 
requirements of society for their produce but by the means our 
<5oal mines possess of providing the fuel required.' 

The late extraordinary demand for coal, beyond the output, 
has naturally led to a very active exploration for coal in all 
our coal fields, greater indeed than has been known for many 
years, and to a corresponding eagerness and enterprise in forming 
companies and commencing methods for developing the mineral. 
We are informed by The Mining Journal, May 3rd| that 
during the week vast fields of coal, that cannot be calculated by 
acres but by miles, have been bored and will be at once opened 
out. The prices paid are such as would not have been dreamt 
of a year ago. In many instances, 420Z. per acre has been given 
for coal for which, not very long since, 300^. would have been 
considered too much. With the improved appliances now avail- 
able, most of the new mines, it is expected, will be finished in 
about two years, so that, looking at the number of pits now 
being sunk, and those about to be commenced, the increase, 
during the next two or three years, of coal of every description, 
will be immense. 

Numerous projects of this nature have come under oiur notice 
since the first Article was written. In the Midland Coal Field, 
which commences near Nottingham and extends to Leeds, 
embracing an area of more than 300 square miles, new collieries 
are being opened through its entire length. A very important 
sinking is also now about to be made by the Barrow Steel and 
Iron Company, from the Barnsley to the Silkstone coal, the 
depth between the two seams being about 380 yards, and the 
area of coal that is expected to be thereby worked extends for 
many miles in nearly all directions. The journals devoted to 
coal and mining are weekly bringing before their readers new 
schemes for exploration or declared discoveries of coal. 

Making all allowance for the possible failure of many of these 
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schemes and projects, it is still highly probable that tlio output 
of coal will be largely and progressively increased. Tho working 
colliers, at a recent meeting, pronounced their dotorniii^ntion 
to enter for themselves into coal-mining, and it was roforrod 
to a committee to enquire and report upon tho boat method of 
following out their determination. 

So far as these schemes prosper, so far a future * conl-fiunino * 

appears to be Tinlikely, because, in the recent scarcity, toni])()rary 

combined with continued causes. Thus, then, it is probable that 

cost can be materially lessened, at least for domestic consuni])tioti, 

In reference to the greatest sources of consumption, I no<s(l n<;t 

repeat previous observations and figures, but will only add that, 

considering the make of pig iron in Great Britain in 18G2 wan 

about 4 millions of tons, and that in 1872 it wan yw- 

bably 6J millions of tons, the increased consumption of Goul In 

ten years, for this make alone, has been an important ^;on- 

tinuous cause of the rapidly progressive demand fr;r r/jul ; and, an 

Mr. I. L. Bell states, the make of pig iron ought, at tli'j psini ratio 

of increase, to reach 11^ millions of tons in the ytt&r 1882, VVhwi, 

for this, and for the probable extension of ircrnvforVnf wnrnMhu^ 

like 65 millions of tons of coal may \}^ rer|ujr^j/j, / /|// /i//t 

think I have taken too alarming a view of t>i/; initxrti Ut my fitnt^ 

article on the consumption and coiA of f^/juL 

We shall doubtleflB have nuroerotw sut^l y/mlAy r^\fu\ ISw^^ii^ 
tions in price ; but if the great aiid Ur^t^y Uif:r*Mhi(^ ''/rt»t»m»Mf% 
of coal prosper, the demsmd U/t <tf/^ mtiMt f*//ntm\//ftfVtft*/)y U$^ 
creaaay smd such results as I l^ve brkf)/ UtAuAi^i fh*s^\ nXtttf^ 
inevitably foUaw. XaJurally, rery d;ff/^^ti '/y'iuufi,% *f^ 4flf/*>^' 
tained cm this SQb^€^ but luy yr;:if:.\A^ '/^i/^A J*** ^i^Mt, V/ *9(40i/A^ 
my readers to form t£*Kr ^jwh 'rJiSijfr.i uyptt Ha^ fst/Mf tfAfJ^i^pi^ 
and data, wlddi Lave 1^ sae t/> »r r^ at jk^a^. 
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Rev. Geobob Wiluam Cox, M.A. Fcp. 68, cloth, or 109. calf, 'i 

ENCTCLOFJEDIA of CHRONOLOGT, HISTORICAL and BIO- 

GRA.PHICAL; comprising the Dates of all the Great Events of History, 
including Treaties, Alliances, Wars, Battles, &c.; Incidents in the Lives of 
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witli Additions and Corrections; a New [Series. By A, Haywakd, Q. C. 
2 vols. Svo. price 285. 

MEMOIR of GEORGE EDWARD LTNCH COTTON, D.D. Bishop of 

Calcutta and Metropolitan. "With Selections from his Journals and Cor- 
respondence. Edited by Mrs. Cotton. Second Edition, with Portrait. 
Crown Svo. price 7s. 66?. 

MEMOIR of the LIFE of Admiral Sir EDWARD CODRINGTON. 

With Selections from his Public and Private Correspondence, ^dited by 
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LIVES of the QUEENS of ENGLAND. By Agnes Strickland. 
Library Edition, newly revised ; with Portraits of every Queen, Autographs, 
and Vignettes. 8 vols, post 8vo. 7s. &d. each. 

LIFE of the DUKE of WELLINGTON. By the Rev. G. R. Glbiq, 
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Oreek- English Lexicon, Fourteenth Edition. Square 12mo. *J8, 6d. 

A SANSERIT.ENGLISH DICTIONARY, the Sanskrit words printed 
both i)iy-the orij^inal Devanajrari and in Roman Letters. Compiled by 
T. Bbnfey, Prof, in the Univ. of Gottin^en. 8vo. 52«. 6d. 

A PRACTICAL DICTIONARY of the FRENCH and ENGLISH LAN- 
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Intellectual Powers. By the same Author. Post 8vo. 7«. 6d. 
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Sec.BA..S. With 10 Plates and 24 Woodcuts. 8vo. price 12«. 

The SUN ; BULEB, LIGHT, FIBE, and LIFE of the PLANETABT 
SYSTEM. By Bicham) A. Pkootoe, B.A. F.BJL8. Second Edition 
with 10 Plates (7 coloured) and 107 Figures on Wood. Crown 8vo. 14«. 

OTHEB W0BLD8 THAN OITKS ; the PluraUty of Worlds Studied 
under the Light of Becent Scientific Besearches. By the same Author. 
Second Edition, with 14 Illustrations. Crown 8va 10«. ed, 

THE 0BB8 ABOUND JJB; a Series of Familiar Essays on the Moon 
and Planets, Meteors and Comets, the Sun and Coloured Pairs of Stars. 
By the same Author. Crown 8vo. price 7s. 6d. 

THE STAB DEPTHS ; or, Other Suns than Ours ; a Treatise on 
Stars, Star-Systems, and Star-Cloudleta. By the same Author. Crown Svo 
with numerous Illustrations. [Nearly ready. 

SATUBN and its SYSTEM. By the same Author. 8vo.withl4Flate8,14«. 

SCHELLEN'S SPECTBUH ANALYSIS, m its application to Terres- 
trial Substances and the Physical Constitution of the Heavenly Bodies. 
Translated by Jane and C. Lassbll ; edited, with Notes, by W. Huggiks, 
LL.D.F.B.S. With 13 Plates (6 coloured) and 228 Woodcuts. 8vo. price 28«. 

A NEW STAB ATLAS, for the Library, the School, and the Observatory, 
in Twelve Circular Maps (with Two Index Plates). Intended as a Com- 
panion to • Webb's Celestial Objects for Common Telescopes.' With a 
Letterpress Introduction on the Study of the Stars, illustrated by 9 Dia- 
grams. By BiCHAED A. Peoctoe, BAl. Hon. Sec. B.A.S. Crown 8vo. Ss, 

CELESTIAL OBJECTS for COMMON TELESCOPES. By the Eev. 
T. W. Wbbb, liLA. F.B.A.S. New Edition, revised, wiih a large Map of 
the Moon, and several Woodcuts. Crown 8vo. price 7s. 6d. 

AIB and BAIN : the Beginnings of a Chemical Climatology. By 
BOBBET Angus Smith, Ph.D. P.R.S. P.C.S. Government Inspector of 
Alkah Works. With 8 Illustrations. Svo. price 24*. 

NAUTICAL 8TTBVEYING, an INTBODUCTION to the PBACTICAL 
and THBOBETICAL . STUDY of. By JoHir Knox Laughton, MJL 
F.B.A.S. Small 8vo. price 6t, 

MAGNETISM and DEVIATION of the COMPASS. For the Use of 
Students in Navigation and Science Schools. By John Meeeifield, LL.D. 
l!.Ji.A.S. 18mo. price Itf. 6c?. 
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DOV£*S LAW of STOBHS, considered in connexion with the Or^nanr 

Movemonts of the Atmosphere. Translated liy SiH.8oOTT,lLA«T.0JD. 
8vo. lOs. 6d. 

A GENERAL DICTIONAET of GEOGBAPHT, Descriptive, Physical^ 
Statistical, and Historical : forming a comnlete Ghwetteer of the World. By 
A. Keith JoHNBTOir. LLJ). F.B.G.S. New Edition, thoroughly revised. 

[Tnthepresi, 

A HANTTAL of GEOGBAFHT, Physical, Indostrial, and Political. 

By W. Hughes, F.B.G.S. With 6 Maps. Pop.7«.6(i. 

HATTNDEB'S TBEASIJBT of ' GEOGBAPHT, Phjsical, Bjstorieal, 
Descriptive, and Political. Fdited by W. HuOHBS, P.B.G.8. Bevised 
Edition, with 7 Maps and 16 Plates. Pep. 9«. cloth, or 10s. bound in calf. 

The PUBLIC SCHOOLS ATLAS of HODEBH GEO0BAPHY. In 

SI Macs, exhibiting: clearly the more important Physioal Features of the 
Countries delineated, and NoMnff all the Chief Places of Historical, Oom- 
mercial, or Social Interest. Edited, with an Introduction, by the Bev. G. 
Butler, M.A. Imp. 4to. price 3«. 6d. sewed, or 6s. cloth. 



Natural History and Popular Science. 

TEXT-BOOKS of SCIENCE, MECHANICAL and PHYSICAL. 

Edited by T. M. Goodeve.M.A. and C. W. Meeeieield, F.B.S. 

1. Goodeve's Mechanism, 3«.6d. 

2. Eloxam's Metals, Ss. Gd. 

3. Miller's Inorganic Chemistry, 3«. 6d. 

4. Griffin's Algebra and Trigonometry, Zs. 6d. 

Notes and Solutions to Algebra and Trigonometry, Zs. 6d, 

5. Watson's Plane and Solid Geometry, 3s. 6d. 

6. Maxwell's Theory of Heat, 35. Qd. 

7. -M ereifield's Technical Arithmetic and Mensuration, Ss. 6d. 
Hunter's Key to Merrifield's Arithmetic and Mensuration, Zs,Qd. 

8. Anderson's Strength of Materials and Structures, 'is. Qd, 
y. Jenkin's Electricity and Magnetism, 35. Gd. 

ELEMENTAEY TBEATISE on PHYSICS, Experimental and Applied. 
Translated and edited from Ganot's EUments de Physique (with the 
Author's sanction) by E. Atkinson, Ph.D. F.C.S. New Edition, revised 
and enlarged ; with a Coloured Plate and 726 Woodcuts. Post Sva 16#. 

NATUBAL PHILOSOPHY for GENERAL KZADEBS and YOTIKG 

Pi']RSOXS; being a Course of Physics divest.d of Mathematical Formulae, 
expressed in the language of daily life. Translated from Ganot's Oours 
de Phyaique, with the Author's sanction, by E. ATKINSON, Ph.D. F.C.S 
Crown 8vo. with 404 Woodcuts, price Is.Gd. 

Mrs. MARCET'S CONVERSATIONS on NATUBAL PHILOSOPHY. 

Revised by the Author's Son, and augmented by Conversations on Spectrum 
Analysis and Solar Chemistry. With 36 Plates. Crown 8vo. price 7». 6tf. 

SOUND : a Course of Eight Lectures delivered at the Royal Institution 
of Great Britain. By John Ttndall, LL.D. F.R.S, New Edition, crown 
8vo. with Portrait of M. Chladni and 169 Woodcuts, price 9». 

HEAT a MODE of MOTION. By Professor Johh Ttndall, LL.D. 
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C0NTBIBTTTI0H8 to HOLECULAB PHYSICS in the DOHAIK of 
RADIANT HEAT : a Series of Memoirs published in the Philosophical 
Transactions and Philosophical Magazine. By John Txnpall, LL.D. f .B.S. 
"With 2 Plates and 31 Woodcuts. 8vo. price 16«. 

BE8EABCHE8 on DIAMAGHETIStf and MA6HE-CBTSTALLIC 
ACTION ; including the Question of Diamagnetic Polarity. By the same 
Author. With 6 Pistes and many Woodcuts. 8vo. price 148, 

HOTES of a COTJBSE of 8EVEH LEGTTTBES on ELECTBICAL 
PHENOMENA and THEORIES, delivered at the Royal Institution, 
▲.D. 1870. By John Ttitdall, LL.D. Crown 8yo. is, sewed, or l«.6d. cloth. 

irOTES of a COTTBSE of HIKE LECTUBES on LIGHT delivered at the 
Royal Institution, a.d. 1869. By the same Author. Crown 8vo. price 1«. 
sewed, or U. M. cloth. 

FBAGMEHTS Of SCIEHCE. By John Tyndaix, LL.D. F.B.S. Third 
Edition. Svo. price 14«. 

LIGHT SCIENCE for LEISUBE HOUBS; a Series of Familiar 
Essays on Sdentifio Subjects, Natural Phenomena. &c. By R. A. Pboctob, 
BJL, F.RJLS. Second Edition, revised. Crown 8vo. price 7a, 6d, 

LIGHT : Its iDfluence on life and Healthy Bj Fobbes Winblow, 
M.D. D.C.L. Oxon. (Hon.). Fcp. 8vo. 68, 

The COBBELATIOH of PHYSICAL FOBCES. Bj W. B. Gbots, 
Q.C. Y.P.R.Si» Fifth Edition, revised, and followed by a Discourse on Con- 
tinuity. 8vo. 108, 6d, The IHscourse on Continuity ^ separately, 28, 6d, 

Professor OWEN'S LECTUBES on the COMPABATIVE ANATOMT 

and Physiology of the Invertebrate Animals. Second Edition, with 235 
Woodcuts. 8vo. 21«. 

The COHPABATIVE ANATOHT and PHTSIOLOGT of the VEBTE- 
brate Animals. By Richabd Owbv, 7.R.S. D.CX. With 1,472 Wood- 
outs. 3 vols. 8vo. £3 ISs, 6d, 

The ANCIENT STONE IHPLEHENTS, WEAPONS, and OBNA- 
MENTS of GREAT BRITAIN. By John Evans, F.R.S. F.S.A, With 
2 Plates and 476 Woodcuts. 8vo. price 28^. 

The ORIGIN of CIVILISATION and the PBIHrriYE CONDITION 

ef MAN : Mental and Social Condition of Savages. By Sir John Lubbock, 
Bart. M.P. F.R.S. Second Edition, with 2fi Woodcuts. 8vo. price 108, 

The PRIMITIVE INHABITANTS of SCANDINAVIA : containing a 
Description of the Implements, Dwellings, Tombs, and Mode of Living of 
the Savages in the North of Europe during the Stone Age. By ;8n£V 
NiLSSOV. With 16 Plates of Figures and 3 Woodcuts. 8vo. 188, 

MANKIND, their OBIGIN and DESTINY. By an M.A. of Balliol 
College, Oxford. Containing a New Translation of the First Three Chapters 
of Genesis ; a Critical Examination of the First Two Gospels ; an Explana- 
tion of the Apocalypse ; and the Origin and Secret Meaning of the Mytholo- 
gical and Mystical Teaching of the Ancients. With 31 Illustrations. 8vo. 
price 318, Qd, 

BIBLE ANIMALS ; being a Description of every Living Creature 
mentioned in the Scriptures, fh)m the Ape to the Coral. By the Bev. J, G. 
Wood, M JL FJj.S. With about 100 Vignettes on Wood. 8vo. 21«. 

HOMES WITHOUT HANDS ; a Description of the Habitations of 
Animals, classed according to their Principle of Construction. By the Bev« 
J. G. Wood. MJL F Ji.S. With about 140 Vignettes on Wood. 8vo. 21«., 



in NBW WORKS PUBLiimiD BT LON OH AN8 AVD CO | 

On SOME DISOBDEBS of the HEBYOITS 8T8TEM in CSILD- 

HOOD ; being thn Lumlf^ian Lectturen deliverod before tbe Bojml Ccdlege of 
Physicians in March 1871. By Chuilvs Wb8T» M.D. Crown Sro. prioe St. 

LECTUBES on the DISEASES of IKFAHCY and •CHILDHOOD. By 
CHASLB8 Wbst, M.D. &0, V\tth Edition, revised «id enlftrged. 8to. 16t. 

ThO SCIENCE and ABT of STJBOEBT; beiog a Treatise on Surgical 
Injuries, DiseasteM and Operations. By JoHir Esic BsiCHSBir, Senior 
Surgeon to TTniversity College Hospital, and Holme Professor of Clinical 
Surgery in University College. London A new Edition, being the Sixth, 
revised and enlai^ed ; with 718 Woodcuts, 8 vols. 8to. price 32«. 

A STSTEH of SUBGEBT, Theoretical and FracticaL In Treatises 
by Various Authors. Edited by T.HoL]CB8,MJLfto. Burgeon and Lecturer 
on Surgery at St. George's Hospital. Second Edition, thoroughly reriscd, 
with numerous Illustrations. 6 vols. 8yo. £6 Ss. 

The SXraeiCAL TBEATHENT of CHILDBEK'8 DISEASES. By 

T. HoLMiBS, M.A. &c late Surgeon to the Hospital for Sick Children. 
Second Edition, with 9 Plates and 112 Woodcuts. Svo. 81«. 

LECTUBES on the PBUTCIPLES and PBACTICE of PHYSIC. B? 
Sir Thomas Watsob. Bart. MJ). Fifth Edition, thoroughly revised. 
2 vols. 8vo. price 36«. 

LECTUBES on SUBOICAL PATHOLOOT. By Sir Jakbs Pagbt, 

Bart. E.B.S. Third Edition, revised and re>edited by the Author and 
Professor W. Tubbbb, M3. 8vo. with 131 Woodcuts, 21«. 

XIOOPEB'S DICTIONABT of PBACTICAL SUBOEBT and Encyck). 

Esedia of Surgical Science. New Edition, brought down to the present time. 
ly S. A. Lane, Surgeon to St. Mary's Hospital, assisted by various Eminent 
Sui^eons. 2 vols. 8vo. price 2o8. each. 

On CHBOKIC BBONCHITIS, especially as connected with GOUT, 
EMPHYSEMA, and DISEASES of the HEART. By E. H^at^tait 
Gbeenhow. M.D. P.R.C J'. &c. Svo. 7«. 6d, 

The CLIMATE of the SOUTH of FBANCE as SUITED toIlTYALIDS; 

with Notices of Mediterranean and other Winter Stations. JRy C. T. 
Williams, M.A. M.D. Oxon. Second Edition. Crown Svo. 6«, 

PULMONABY CONSUMPTION ; its Nature, Varieties, and Treat- 
ment : with an Analysis of One Thousand Cases to exemplify its Duration. 
By C. J. B. Williams, M.D. F.B..S. and C. T. Williams. MJL MJ). Oxon. 
Post Svo. price 10.v. 6d. 

CLINICAL LECTUBES on DISEASES of the LIVEB, JAUNDICE, 

and ABDOMINAL DROPSY. By Chables Mubchison, M.D. Post Svo. 
with 25 Woodcuts, 10s. ad. 

A TREA.TISE on the CONTINUED FEVERS of GEE AT BBITAIN. 

By Charles Muectiison, M.D. New Edition, revised. [Nearly ready, 
QUAIN'S ELEMENTS of ANATOMY. Seventh Edition [1867], 
edited by W. Shabpey. M.D. P.R.S. Allen Thompson, M.D. P.R.S. and 
J. Clelaxd. M.D. With upwards of 800 Engravings on Wood. 2 vols. Svo, 
price ais. 6d. 

ANATOMY, DESCEIPTIVE and SUBOICAL. By Henry Gray, 
P.B.S. With about 400 Woodcuts from Dissections. Sixth Edition, by 
T. Holmes. M.A. Cantab, with a new Introduction. Boyal Svo. 28s. 

OUTLINES of PHYSIOLOGY, Human and Comparative. By John 
Marshall, F.R.C.S. Surgeon to the University College Hospital. 2 toIs. 
crown Svo. with 122 Woodcuts, 32«. 
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PHT8I0L0OICAL ANATOXT and FHTSIOLOaT of HAH. By the 
Iftte B. B. Todd, MJ). F.S.S. and W. Bowmav, FJU3. of King's College. 
With numerous Illustrations. Vol. II. 8vo. 26«. 

Vol. L New Bditiou by Dr. Liovbl S. Bbaxb. F.S.S.in course of publi- 
cation, with many Illustrations. Pasts I. and IL price 7s. M, each. 

COPLAND'S DICnONAET of FBACTICAL MEDICINS, abridged 
Arum the lar^r work and throughout brought down to the present State 
of Medical Science. 8vo. 86«. 

On the MANUFACrnrBE of BEET-BOOT SUOAB in ENGLAND 
and IBBLAND. By William Csooees, FJLS. Crown Svo. with 11 
Woodcuts, 88, 6d, 

DB. PEBEIBA*S ELEMENTS of MATEBIA MEDICA and THEBA- 
PEUTICS, abridged and adapted for the use of Medical and Pharmaceutical 
Practitioners and Students; and comprising all the Medicines of the 
British Pharmacopoeia, with such others as are fl'equently ordered in Pre- 
Rcriptions or requured by the Physician. Edited by Professor Bentlet, 
E.L.S. &c. and by Dr. Bbdwood, F.CS. &c With 125 Woodcut Illustra- 
tions. 870. price 25«. 

The ESSENTIALS of MATEBIA MEDICA and THEBAPEUTICS. 
By Alfbsd Basing Gaeeod, M.D. F.R.S. &c. Physcian to King's College 
Hospital. Third Edition. Sixth Impression, brought up to 1S70. Crown 
Svo. price 128. 6d. 



The Fine Arts, and Illtcstrated Editions. 

GBOTESQUE ANIMALS, invented, described, and portrayed by E. W. 
Cooke, R.A. F.R.S. F.G.S. F.Z.S. &c. in Twenty-four Plates, with Elucidatory 
Comments. Boyal 4to. 2U. 

IK FAIBYLAND; Pictures from the Elf- World. By Riohard 
DoTLX. With a Poem by W. Allivoham. With Sixteen Plates, containing 
Thirty-six Designs printed in Colours. Folio, 31«. Qd, 

HALF-HOUB LECTTTBES on the HISTOBT and PBACTICE of the 
Fine and Ornamental Arts. By William B. Scott. New Edition, revised 
by the Author ; with 60 Woodcuts. Crown 8vo. Ss, M. 

ALBKBT DTTBEB, HIS LIFE and WOBKS; including Anto- 
biof^raphical Papers and Complete Catalogues. By William B. Scott. 
With Six Etchings by the Author, and other Illustrations. 8vo. 16«. 

The CHORALE BOOK for ENGLAND: the Hymns translated by 
Dliss G. WiKEWOSTH ; the Tunes arranged by Prof. W. S. Bbvsbtt and 
Otto Goldschmidt. Fcp.4to.l2«.6<2. 

The KXW TESTAMENT, illostrated with Wood Engravings after the 
Sarly Masters, chiefly of the Italian School. Crown 4to.68«. doth, gilt ton • 
or £5* 6s, elegantly bound in morocco. * 

LTBA GEBMANIGA ; the Christian Year. Translated by CATHERm 
WurKWOBTH ; with 126 Illustrations on Wood drawn by J. Lbightoh 

TfjSm/Lm 4to. 2il8, 

XYSA OEBMANICA ; the Christian life. Translated by Cathbmi« 

Wrw kwobth ; with about 200 Woodcut Illustrations by J. Lbighton. F Ji A . 
and other Artists. 4to. 2U. . ««,«.•.«., 
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inEUI'8 DICTIONAET of AET8, XANTrFACTirBES, and WKES. 
Sixth Edition, chiefly rewritten and ereatly enlarged by Bobbbt Huitt, 
FJLS. assisted by numerous Contributors eminent in Soience and the 
Arts, and fkmlliar with Mannftujtures. With above S,000 Woodcuts. Zftlhu 
medium 8to. price £4. 14b, 9d, 

HANDBOOK of PBACTICAL TELEQBAPHT. By B. a Cullbt, 
Memb. Inst. OJB. Bn^ineer-in-Ohief of Telegraphs to the Post Office. 
Fifth Edition, with 118 Woodcuts and 9 Pbktee. Svo. price 148. 

mCTCLOPABIA of CIVIL ENOINEESINO, Historical, Theoretical, 
and Practical. By B. Obbbt, JS. With above 8,000 Woodcuts. 8T0.a«. 

She 8TEAIN8 in TBUSSES Computed by means of Diagrams ; with 
SO Examples drawn to Scale. By F. A. rLteen, MJu OJB. Lecturer at 
the Hartley Institution, Southampton. With 85 Diagprams. Square crown 
8vo. price.es. 6d, 

XSBATISE on MILLS and MILLWOBX. By Sir W. Faibbaibn, 
Bart. PJLS. New Edition, with 18 Pbktei and 828 Woodcuts. I toIs. 
8vo.82«. 

VBEFITL INFOBHATION for ENOINEEBS. By the same Author. 
FntST, Sbcoitd, and Thisd Sebibs, with many Plates and Woodcuts, 
8 Tols. crown 8vo. 10s. 6d. each. 

fhe APPLICATION of CAST and WBOTTOHT IBON to BnUding 
Purposes. By Sir W. Faibbaibn, Bart. F.R.8. Fourth Bdition, enlarged; 
with 6 Plates and 118 Woodcuts. 8va price Ite. 

A TREATISE on the STEAM ENGINE, in its Tarions Appfieations 
to Mines, Mills. Steam Navigation, Railways wid Agriculture. By ^Boubvb, 
OJa. Eighth Edition ; with Portrait, 87 Hates, and 646 Woodcuts, etc 48«. 

CATECHISM of the STEAM ENGINE, in its yarious AppMeations to 
Mines, Mills, Steam Navigation, Railways, and Agriculture. Bj the same 
Author. With 89 Woodcuts. Fop. 68. 

MAMDBOOX of the STEAM ENGINE. By the same Author, forming a 
Ear to the Catechism of the Steam Engine, with 87 Woodcuts. Fcp. 9s. 

BOVBNE'S REGENT "IMPROVEMENTS in the STEAM ENGINE in its 
▼arious applications to Mines, Mills, Steam Navigation, Railways, and Agri- 
culture. Being a Supplement to the Author's * Catechism or the St^un 
Engine.' By JOHir BouBini, C.B. New Edition, including many New 
Examples; with 124 Woodcuts. Fcp. 8vo. 8f. 

ntACTICAL TREATISE on METALLTTRGT, adapted from the last 
German Edition of Professor Kxbl*s MstaUurav by W. Obooxbs, FJLS. ^. 
andE.RdHBiOkPhJ).MB With 62S Woodcuts. 8 vols. 8vo. price £4. 19i. 

MITCHELL'S MANUAL of PRACTICAL ASSAYING. A New Bdi- 
tion, being the Fourth, thoroughly revised, wiih recent Diiooveriee inoor- 
porated. by W. Obookbs. F. R.S. With numerous Woodcuts. 

INeajHif ready, 

LOTTDON'S ENCTCL0P2BIA of AGRIClTLTXnUi : comprising the 
Iisying-out, Improvement, and Management of Landed Rropqrtyi and the 
Oultivation ana Economy of the Productions of Agriculture. Inth lAOO 
Woodcuts. 8V0.8U. 

Xtmden'i Bncyelopsdia of Chirdening: eompri^g the Theory and 
Practice of Horticulture, Floriculture, Arboriculture, and Landscape Gar- 
dening. With 1,000 Woodcuts. 8vo. Sis. 

BATLDON'S ART of VALUING RENTS and TILLAGES, and Claims 
of Tenants upon Quitting Farms, both at Michaelmas and Lady-Day. 
Eighth Edition, revised by J . 0. Mobtob. 8vo. lOf. 64. 
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The LIFE of KAV STXBOLISED by the HLOVTEB of the YEAE. 

Text aeleeted by B. Pioor ; IllastntlooB on Wood firom Original Designs by 
J, LBieHTOV, FJ3 JL 4ito. 42«. . 

CATS* and FAELIE*8 HOBAL EVBLEXS ; with Aphorisms, Adages, 
and Prorerba of all Nations. ^21 Illustrations on Wood by J. Lbightov' 
F.SJL Text selected by B. Pictut. Imperial 8yo.Sl«. 9d, 

8ACEED and LEOEKDAET AST. By Mrs. Jameson. 

Legends of the Saints and Martyrs. New Edition, with 19 
Etchings and 187 Woodcuts. 2 vols, square crown 8yo. Sit, Ckl. 

Legends of the Monastic Orders. New Edition, with 11 Etchings 
and 88 Woodcuts. 1 y(^ square crown 8ya ilJ. 

Legends of the Madonna, New Edition, with 27 Etchings and 
165Woodonts. 1 yoL square crown 8vo. 21«. 

The History of Onr Lord, with that of his Types and Preearsors. 
Completed by Lady Eabtlakb. Beyised Edition, with 81 Etchings and 
281 Woodcuts. 8 yols. square crown 8yo. 428, 



The Useful Arts, Manufactures, &c. 

HISTOBT of the GOTHIC BEVIVAL ; an Attempt to shew how far 
the taste for Mediseyal Architecture was retained in England during the 
last two centuries, and has been re-deyeloped in the present. SyG. LTEast- 
LAEB, Architect With 48 Illustrations (86 full size of page). Imperial 8vo. 
price 81«. 6d.'^ 

0WILr8 EirCTCLOF£DIA of ABCHITEGTTmE, with aboTe 1,600 
Engrayings on Wood. Fifth Edition, reyised and enlarged by Wtjlit 
Papwosth. 8yo.52«.6<l. 

A MANUAL of ABGHITEGTTJBE : being a Concise ICstory and 
Explanation of the principal Styles of European Arohitectmre, Ancient, 
Mediseyal, and Benussance; with a GIossot of Technical Terms. Bj 
Thomas mitohill. Grown 8yo. with 160 Woodcuts, lOt. 9d. 

HIHTS on HOUSEHOLD TASTE in FUBHITUBE, ITPHOLSTEBT, 

and other Details. By Ghabiss L. Eabtlaxb, Architect. New Edition 
with about 90 Illustranons. Square crown 8yo. 14t, 

FBIKCIPLES of MECHANISM, designed for the Use of Students in 
the UniyersitieB. and fcnr Enghieermg Students generaUy. Br B 
WiiJJS,M.A. P.ILS. Ac Jacksoman Professor in the Uniyersfty of 0am- 
bridge. Second Edition, enlarged ; with 374 Woodcuts. 8yo. 18«. 

OEOMETBIG TXTBNING ; comprising a Description of the new Geo 
metric Ghuok constructed by Mr. Plant of Birmingham, with directfons fbr 
its use, and a series of Patterns cut by it, with Explanations of the mode c^ 
producing them, and an account of a New Process of Deep Cutting aiid 
of Graying on Copper. By H. S. Sayobt. With numerous Woodcuts. 
8yo. 21*. • 

LATHES and TUBNING, Simple, Mechanical, and OBHAIKXHTAL. 
By W. Hbnst Nosthcoit. With about 240 Illustrations on. Steel and 

^ Wood. 8yo. 18*. 

PEBSPEGTIVE ; or, the Art of Drawing what one Sees. Explained 
and adapted to the use of those Sketching fh)m Nature. By Lieut. W. H. 
Collins, B.E. F.R.A.S. With 37 Woodcuts. Crown 8yo. price 6t. 
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USE'S DICnOHAET of ABTS, XAKTrFACTTTBES, and WKES. 
Sixth Edition, chiefly rewritten and greatly enlarged by Bobbst Hubt, 
FJELS. assisted by numerous Contributors eminent in Science and the 
Arts, and fiuniliar with Mannlhctures. With abore S,000 Woodcuts. StOIi. 
medium Svo. price £4. 14t, 9d, 

HAHDBOOX of PBACTICAL TELEOBAPHT. By B. a Cullet, 
Memb. Inst. OJB. Bna^eer-in-Ohief of Telegraphs to ths Post Office. 
Pifth Edition, with 118 Woodcuts and 9 Plates. Svo. price l4g. 

SVCTCLOPJEBIA of CIVIL ENaiNEEEDTO, m&torical. Theoretical, 
and Practical. By B. Gbbbt, JS. With aboTe 8,000 Woodcuts. 8yo.a«. 

Tlie STBAUrS in TBF8SSS Computed by means of Diagrams ; with 
20 Examples drawn to Scale. By F. A. Babebit, MJu CJB. Lecturer at 
the Hartley Institution, Southampton. With 85 I>iaepnnLB. Square crown 
Syo. price.Gs. 6d, 

TBEATISE on MILLS and MILLWOBX. By Sir W. Faibbaibn, 
Bart. PJLS. New Edition, with 18 Pbktea and 822 Woodcuts. 2 toIs. 
8to.82«. 

VSEFTTL INPOBKATION for SNGINEEBS. By the same Author. 
PntsT, Sbcobd, and Thibd Sebibs, with many Plates and Woodcuts, 
8 TOls. crown Svo. lOt, M, each. 

The APPLICATION of CAST and WBOHrOHT IBON to BnUding 
Purposes. By ffir W. Paibbatbit, Bart. P.B.S. Pourth Edition, enlarged; 
with 6 Plates and 118 Woodcuts. SvapnoelSt. 

A TBEATISE on the STEAM ENGINE, in its Tarions Appfieations 
to Mines, Mills. Steam Navigation, Bailways wid Agriculture. By 4» BouBVB, 
CJB. Eighth Edition ; with Portrait, 87 Hates, and 646 Woodcuts, eto. 48«. 

CATECHISM of the STEAM ENeiNE, in its yarious Appfieations to 
Mines, Mills, Steam Navigation, Bailways, and Agriculture. Bj the same 
Author. With 89 Woodcuts. Pep. 6«. 

HANDBOOK of the STEAM ENGINE. By the same Author, fcMrming a 
Kbt to the Catechism of the Steam Engine, with 87 Woodcuts. Pep. 9f. 

BOIFBNE'S BECENT "IMPBOYEMENTS in the STEAM ENGINE in itEi 
▼arious applications to Mines, Mills, Steam Navigation, Bailways. and Agri- 
culture. Being a Supplement to the Author's * Catechism of the Steam 
Engine.' By Jomr Boubbb, C.B. New Editicm, including many New 
Examples; with 124 Woodcuts. Pep. Svo. 8f. 

PBACTICAL TBEATISE on METALLTTBGT, adapted from the last 
German Edition of Professor Kbbl*b Metdttursn by W. Cbookbs, P JLS. to, 
andB.BdHBio,PhJ).MB With 68S Woodcuts. 8 vols. Svo. price £4. 19i. 

MITCHELL'S MANUAL of PBACTICAL A88ATIN0. A New Edi- 
tion, being the Pourth, thoroughly revised, wiih recent Diaooverles inoor- 
porated. by W. Cbooebs. P. B.S. With numerous Woodcuts. 

{Neafiy ready, 

LOTTDON'S SNCTCL0P2BIA of AGBIcultubS : comprising the 
Laying-out, Improvement, and Management of Landed Property, and the 
Cultivation ana Economy of the Productions of Agriculture, with lAOO 
Woodcuts. 8V0.21J. 

Lendon'i Eneyelopsdia of Chirdening: eompriang the Theory and 
Practice of Horticulture, Ploriculture, Arboriculture, and Landscape Gar* 
denhig. With 1,000 Woodcuts. Svo. 21«. 

BAYLDON'8 ABT of YALHriNG BENTS and TILLAGES, and Olaimfl 
of Tenants upon Quitting Parms, both at Michaelmai and Lady-Day. 
Eighth Edition, revised by JT. C. Mobtob. Svo. lOf. 64. 
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Religious and Moral Works. 

EiaET ESSATS on ECCLESIASTICAL BEFOBIC, by Various Writers ; 
together with a Preface and Analysis of tho Esssiyi, Edited by ihe Biov. 
Obbt Shiflet. M.A. Crown 8vo. lOs.ed, 

The SPEAKEE'S BIBLE COHHEHTABT, by Bishops and other 
Clennr of the Anirlican Church, critically examined by toe Bight Rev. 
J. w. OoLBNSO, D.D. Bishop of Natal Syo. Past L Oeneti», S«. 6d. 
Past II, Exodus, 4«. M. Pabt III. LevUictu, U. M, Past IV. Jiumbers, 
8«. 6d. Pabt V. Deuteronomy, price to. 

The OTTTLIBSS of the CHBISTIAN KIBISTBT DELnTXATED, and 

brouglit to the Test of Reason, Holy Scripturei, History, and Experience, 
with a view to the Reconciliation of Existing DifiFerences concerning it, 
especially between Presbvterians and Episcopalians. By 0. Wobpswobth, 
D.C.L. Bishop of St. Andrews. Crown Syo. price 7«. 9d, 

CHBISTIAN COTTESELS, Selected from the Devotional Works of 
F^nclon, Archbishop of Cambrai. Translated by A. M. Jambs. Crown 8vo. 
price 5s, 

CHBIST the CONSOLEB ; a Book of Comfort for the Sick. Witih a 
Preface by the Right Rev. the Lord Bishop of Carlisle. Small 8vo. price 6s. 

ATTTHOBITT and CONSCIENCE ; a Free Debate on the Tendency of 
Dogmatic Theology and on the Characteristics of Faith. Edited by COBWAT 
Morel. Post 8vo. price 7«. 6d. 

BEASONS of FAITH ; or, the ORDER of the Christian Argument 
Developed and Explained. By the Rev. G. S. Dbew, MJL. Second Edition, 
revised and enlai^ed. Pep. 8vo. price Qs. 

The TRUE DOCTBINE of the EUCHABIST. By Thomas S. L. Vooak, 
D.D. Canon and Prebendary of Chichester and Rural Dean. 8vo. price ISs, 

CHRISTIAN SACEBDGTALISM, viewed from a Layman's standpoint 
or tried by Holy Scripture and the Early Fathers ; with a short Sketch of 
the State of the Church from the end of the Third to the Reformation in 
the beginning of the Sixteenth Century. By John Jabdine, MA. LLJ). 
8vo. price 8«.6<i. 

SYNONYMS of the OLD TESTAMENT, their BEABINO on CHBIS- 
TIAN FAITH and PRACTICE. By the Rev. Robekt Baeeb Qirdi^' 
BTOITE, M.A. 8vo. price 15s. 

An INTRODUCTION to the THEOLOGY of the CHURCH of 
ENGLAND, in an Exposition of the Thirty-nine Articles. By the Rev. 
T. P. BouLTBEE, LL.D. Pep. 8vo. price 6s, 

FUNDAMENTALS ; or, Bases of Belief concerning MAN and GOD: 
a Handbook of Mental, Moral, and Religious Philosophy. By the Rev. 
T. Gbippith, M.A. 8vo. price 10«. 6d, 

PBAYEBS for the FAMILY and for PBIYATE USE, selected 

from the COLLECTION of the late BARON BUNSBN, and Translated by 
Catheeine Winkwobth. Fcp. 8vo. price Ss. 6d, 

The STUDENT'S COMPENDIUM of the BOOK of COMMON 
PRAYER; being Notes Historical and Explanatory of the Liturfsy of the 
Church of England. By the Rev. H. Allden Nash. Fop. 8vo. pnoe 2«. M, 

CHURCHES and their CBEEDS. By the Rev. Sir Philip Fbrbik«^ 

Bart, late Scholar of Trin. Coll. Cambridge, and iJuiVersity Medallist. 
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Aa SZFOSinOV of the 89 AETICLES, Historical and DoctrinaL 
^B.HAB6u>BBOinra,DJ). Lord Bishop of Bly. Ninth Sdit. 8vo. 16«. 

Tho JJFZ and XPI8TLE8 of 8T. PAUL. Br the Ber. W. J. 
OovTBBASB, ILA.. mod the Very Ser. J. EL HowsoH, D J>. Bean of Ghester ^- 

LiB&AXT Bditioit, with an the Original Dhutrationa, Mmim, TandTapea 
on Steel. Woodcuta. Ae. S Tola. 4to. 48«. 

IwrwBXXDiATM Bditiov, With a Selection of Mapa, Flatea, andWoodcnta. 
S Tola, aqnare crown 8va 2U. 

Stusxjtt's BDinoy, reriaed and oondenaed, with 46 Elnatrations and 
Mapa. 1 Ti^ crown Svo. price Sit. 

The yOYA0S and 8HIPWBECK of 8T. PAUL; with Disaertatiims 
on the Life and Writinn of St. Luke and the Ships and Navigation of the 
Aneienta. Sy Jambs Smith. PJLS. Third Edition. Crown 8to. lOt. 6d. 

COMKEHTABT on the EPISTLE to the BOMAHS. By the Rev. 
W. A. (yCovsoR, BJu Rector of St. Simon and St. Jude, Manchester. Crown 
era price 3«. 6d. 

The EPISTLE to the HEBBEWS ; with Analytical iDtrodnction and 
Notes. By the Bev. W. A. O'Coitkob, B.A. Crown 8ro. price 4t. 6d. 

A dUTICAL and eBAlOCATICAL COMKEHTABT on 8T. PAUL'S 
. Spiatlea. By C J. Bixicorr^DJ). Lord Bishop of Gloucester ft BristoLSro* 

0alatiane, Fourth Edition, S*. 6d. 

Zpheeians, Foarth Edition, 8«. Sd. 

Paatoral Epistles, Fourth Edition, 10«. 6d 

Philippians, Colossians, and Philemon, Third Edition, 10s. 6d. 

Thessalonians, Third Edition, 7s. 6^ 

HI8T0BICAL LECTUBES on the LIFE of OUB LOBB JE8U8 
GHBIST : being the Hulsean Lectures for 1859. By C. J. Ellicott, DJ). 
Lord Bishop of Gloucester and BristoL Fifth Edition. 8to. price 12t. 

JBVJLDJfiJICE of the TBUTH of the CHBISTIAH BELIOIOH derired 
from, the Literal Fulfilment of Prophecy. By Audlaitdex Kkith, BJ). 
87th Edition, with numerous Plates, in square 8va 12c. 6ct. ; also the S9th 
Edition, in post Svo. with 6 Plates, 6*. 

History and Destiny of the World and Chnrch, according to 
Scripture. By the same Author. Square 8vo. with 40 Illustrations, lOt. 

An OTTBGDUCTIOH to the STUDT of the HEW TESTAMEHT, 
Critica], Exegetical, and TheologicaL By the Bot. 8. Dayidsov, DJ). 
L1j.D. 2 Tols. Svo. SOs, 

ZWALD*8 HI8T0BT of ISBAEL to the DEATH of M08E8. Trans- 
lated firom the German. Edited, with a Prefnoe and an Appendix, by Bubsxll 
MAJtmrBAU, MJL. Second Edition. 2 vols. 8vo. 24t. Vols. IU. and IT. 
edited by J. E. Cabpenteb, M.A. price 2i«. 

Ibe HI8T0BT and LITEBATUBE of the I8BAELITE8, accordinir 
to the Old Testament aud the Apocrypha. By C. Ds Bothschhj) luoS 
A. Dn BoTHSCHiLD. Second Edition, revised. 2 vols, post 8vo. with Two 
Maps, price 12s. ed. Abridged Edition, in 1 voU fcp. Svo. price 3s. ed. 

The TBEA8UBT of BIBLE KNOWLEDGE; being a Dictionary of the 
Booka, Persons, Places, Events, and other matters of which mention is made 
in Holy Scripture. By Eev. J. Atrb, M.A. With Maps, le Plates, and 
mimeroiia Woodcuts. Fcp. Svo. price 6s. cloth. or lOt. neatly boundininlt 
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The OBESX TESTAXSirT; with Notes, Oranmuitical and EzegeticaL 

Bj the Rav, W. Wibbtbb, MJL and the Ser. W. V. Wxlxzvbov, If JL 

S TOlB. 8Ta £2 4t. 

EVSST-DAT SCSIPTiniS DUTFICULTIXS ezj^aiiied and Oliutnted. 
Bj J. B. Pbbbcott, MJu Yol. L Ifa^^&tfip and Marki Yol. XL £«A« and 

John. 2 vols. Syo. 9f . each. 

The FEITTATEIJCH and BOOK of JOSHTT A CBITICALLT XXAXnTED. 

By the Bight Rev. J. W. Oolbvbo, D.D. Lord Bishop of If ataL Feopld*! 
Edition, in 1 voL crown 8vo. 6«. 

Past YI. ihe Later Legislation cf the Pentateuch, 8vo. price Ua, 

The FOBKATIOK of GHBISTEITDOM. Bj T. W. Allzbs. Pabtb L 

and IL 8vo. price 12«.eaoh Part. 

EHOLAKD and CHBISTEITDOII. Bj Archbishop Miinmroi DJ). 

Post 8vo. price lOf. M, 
A VIEW of the SCBIPTTTBE BEVELATI0K8 CONCEBHIHe a 
FUTURE STATE. By Riohasd Whatblt, DJ). late Arcfabiahop of 
Dublin. Ninth Edition. Fcp.8vo.6«. 

THOUQHTS for the AGE. Bj Elizabeth M. Sewell, Author of 
' Amy Herbert ' Ac. New Edition, revised. Fcp. 8vo. price 5«. 

Passing Thoughts on Religion. By the same Author. Fcp.^ 8to. 3«. 6<{. 

Self-Examination before Confirmation. Bj the same Author. 32mo« 

price 1«. Qd, 
Readings for a Month Preparatory to Confirmation, from Writers 

of the Early and English Church. By the same Author. Fcp. 4t. 

Readings for Every Bay in Lent, compiled from the Writings of 

Bishop Jebemy Taylob. By the same Author. Fcp.5«. 

Preparation for the Holy Communion ; the Devotions chiefly from 
the works of Jebemy Taylob. By the same Author. 32mo. 3«. 

THOUGHTS for the HOLT WEEK for Young Persons. By the Author 

of * Amy Herbert.' New Edition. Fcp. 8vo. 2s, 

PRINCIPLES of EDUCATION Drawn from Nature and Revelation, 

and applied to Female Education in the Upper Classes. By the Author 
of * Amy Herbert.* 2 vols. fcp. 12«. 6d. 

LYRA GERMANICA, translated from the German by Miss C. Wnn- 
woETH. FiEST Seetes, Hymns for the Sundays and Chief Festivals* 
Second Sebies, the Christian Life. Fcp. 3«. 6d, eachSEBiES. 

SPIRITUAL SONGS for the SUNDATS and HOLIDAYS through- 

out the Yea» By J. S. B. Monsell. LL.D. Vicar of Egham and Rural Dean. 
Fourth Edition, Sixth Thousand. Fcp. \s. 6d. 

TRADITIONS and CUSTOMS of CATHEDRALS. By Mackenzie 
E.G. Walcott, B.D. F.S.A. Prapcentor and Prebendary of Chichester. 
Second Edition, revised and en]arged. Crown Svo. price 6«. 

ENDEAVOURS after the CHRISTIAN LIFE: Discourses. By 
James Mabtineau. Fourth Edition, carefully revised. Post Svo. 7«. Od. 

WHATELY'S INTRODUCTORY LESSONS on the CHRISTIAH 
Evidences. 18mo. &d. 

FOUR DISCOURSES of CHRYSOSTOM, chiefly on the Parable of the 
Rich Man and Lazarus. Translated by F. Axlen, B.A. Crown Svo. Zs, 6d. , 
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BISHOP JXBEKT TATLOB'S BBTIBX WOBXS. With Lifii by 
BibhofHsbsb. Revised and oonrectod bjtiie Bar, G. P. B]mr.!lO vols, 
prloeiB.6«. 



Travels J Voyages^ &c. 



BAUBLES, by PATRicirs TVaucer. Beprinted from Fraser's xagazuu 
with a Vignette of the Queen's Bower in the New Forest. Crown fro. lOs. W. 

SLAYE^ATCHIBG in the IBBIAH OCEAH ; A Record of NaTsd 
Experiences. Sjr Capt. CoLOXB, RX. 8to. with lUnstratioDS ^rom Photo. 
fnraphs,Ac. {SeaHw readg, 

UBTBODDEB PEAKS and UVEBEaiTEHTED VALLEYS ; A Mid- 
sommer Ramble amone the Dolomites, Ytj Axxlia B. BmrASDS. With a 
Map and nomeroos lUostratioDS, eoicraved on Wood by B. WnraPKB. 
Medium Svo. {lufhs 9iprin§. 

SIX MOHTHS in CAUFOBHIA. Bj J. G. Platsr-Fbowd. Post 

8yo. price Ss. 
The JAPAJTESB in AVEBICA. By Chables Lahxax, American 

Secretary, Japanese Legation, Washington, UJBJL Fbst 8vo. price Itr. 6<i.* 

KY WIPE and I in QUEEHSLAVB ; Eight Years' Experience in 
the Colony, with some aeoonnt of Polynesian Labour. By CbjlBXXS H. 
£DE3r. with Map and Frontispiece. Crown 8to. price 9f. 

LIPE in IBBIA; a Series of Sketches shewing something of the 
Anglo-Indian, the Land be lives in. and the Peof^ aaoog whom Jbb lives. 
By Edwabd Bbaddo v. Post Svo. price fls. 

HOW to SEE MOBWAY. By Ci^ytain J. B. Gasipbeix. Widi Map 
and 6 Woodeots. Fep. Svo. price St. 

PAV and the PYBEBEBS. By Count Hzmr Rvbsxll, Manber of 

the Alpine Club, Ac With 2 Maps. Fcp. 8vo. price 6s. 
CABOBE; or, TITIAVS COUHTRY. By Jooah Gilbbbt, ooe of 

the Anthors of 'The Dolomite MoontainB.' With May. PMsimile, aod 4t 

mnstrationa. Imperial 8va 8U. 6d. 

HOTJBS of EXEBCISE in the ALPS. By Johx Ttbdaix, LLJ). 

F.RbS. Tliird Bditioo, with 7 Woodcuts l^ E. Whtxtsb. Crown 8vo. 
price 12s. 64. 

TRAVELS in the CEBTBAL CAVCASITS and BASHAM. Isdnding 
Visits to Ararat and Tabrees and Ascents c^ Ksxbek and Blbraa. ^y 
D. W. Fkbshtibij). Square crown Svo. with Maps, ftc 18s. 

XAP of the CHAnr of MOBT BLAMC, firom an actual Smrej ia 
IMS— 1864. By A Adaxs-Rbixlt, F JL6.8. MA^. PnbHahed under tte 
Authority of the Alpine Club. In ChromoUtbograpfay on extra stovft 
drawing-psmer 28in. x I7in. price 10c. or monnted on canvas tn a ItaliiBg 
case, 12s. 6tf. 

mSTOBY of DISOOVEBY in onr AUSTBALASIAM OdLOim, 
Australia. Tasmania, and Xew Zealand, from the Piilliwt Bate to tta 
Present D^. By William Howirz. 2vola.8vawtthSM4M,9liiL 

Tho DOLOMITE MOTTBTAIMS ; Exdmiona throng Tyrol, CbriBOia, 
Candola, and FrinU, 1B61*1MS. By J. Gilbbbt and 6. C Cxmcanix. 
P.R.GA With nmnerons Dlostrations. Square crown Svou SU. 
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0UIDS to tht PTSEirSSS, for the nse of Moantaineera. By 
CSAXLEM Packs. Snd Edition, with Map and Illustrations. Cr. Sro. 7«.6€i. 

me ALPDrS OUIDE. Bj John Ball, M.R.I.A. late Preadent of 
the Alpine Club. Tharougbly Berised Editions, in Three Volumes, post 
8vo. with Hape and other Illustrations :— 

aFIDE to tho WZSTEBK ALPS, inclading Mont Blanc, Monto Bosa, 
Zermatt.ftc Price ef.6<i. 

0UIDE to the CSVTBAL ALPS, inclnding all the Oberland District. 
Price 7«. 6(2. 

OTTIDE to the SA8TEBH ALPS, price 10«. ed. 

Introdnction on Alpine Travelling in General, and on the C^logy 
of the Alps, price U. Each of the Three Volumes or Parts of the Alpint 
Guide may be had with this Ivtsoductiov prefixed, price 1«. extra. 

7I8ITS to BEKABZASLE PLACES : Old Halls, Battle-Fields, and 
Stones Illustrative of Striking Passages in English History and Poetry 
By William Howitt. a vols, square crown 8vo. with Woodcuts, 25«. 

The BUBAL LIFE of EKGLAKD. By the same Author. With 
Woodcuts by Bewick and Williams. Medium 8vo. 12s. 6d. 



Works of Fiction. 

POPULAB BOUAHCES of the HIDDLE AGES. By Georob W 
Cox, M.A. Author of 'The Mythology of the Aryan Nations' Ac and 
Eustace HiiTTOir JoirBS. Crown Svo. price 10s. 6d. 

TALES of the TEUTONIC LANDS ; a Sequel to * Popular Eomances 
of the Middle Ages.* By the same Authors. Crown 8vo. lOs. (W. 

The BUBGOMASTEB'S FAMILY ; or, Weal and Woe in a Little 
World. By Chbibttke Mulleb, Translated from the Dutch by Sir John 
Shaw Lbpbvbi, P.B.S. Crown 8vo. price 6s. 

NOVELS and TALES. By the Bight Hon. R Diskarli, . M.P. 

Cabinet Edition, complete in Ten Volumes, crown 8vo. price 6s. each, as 
follows :— 

LOTHAIB. 6s. 
CONIKOBBT, 6«. 

Sybil, 6s. 



Tancbed, 6s. 
Vbnetia, 6s. 



Hebbibtta Tbhflb, 6s. 

CONTABINI PlEMJKO, ^to. 6S. 

Albot. Izion, Ac. 6«. 
The YouBO Duke, &c. 6c. 
Vivian Gbbt, 6s. 



The HODEBN NOVELIST'S LIBBABT. Each Work, in crown 8yo, 
complete in a Single Volume ^r- 
Melyillb's Glapiatobs, 2s. boards; 2s. 6<i. cloth. 

■ Gk)0D BOB Nothing, 2s. boards ; 2s. 6(i. cloth. 

— HoLMBT House, 2s. boards ; 2s. 6d. cloth. 

— Intebpbbtbb, 2s. boards ; 2s. 64. cloth. 

.— Katb Covzntby, 2s. boards; 2s. 6d. doth. 

Subbb's Mabibb, 2s. boards ; 2«. 6d. cloth. 
IGBT Gband. 2s. boards ; 2s. 6J. cloth. 

Genebal Bounce, 2s boards ; 2s. 6d. cloth. 

Tbollopb's Wabdev, Is. 6tf. boards ; 2s. cloth. 

Babchebtbb Towebs, 2s. boards ; 2s. 6<2. cloth. 

Bbamlbt-Moobb's Six Sistbbs qfihe Yallbts, 2s. boards ; 2«. 6d. doth. 
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BLACKSTONE ECONOMISED, a Compendiiun of the Laws of 
England to the Vresent timo; in Pour Books, each embracinsr the Legal 
Principles and Practical Information contained in the respective volumes 
of Blackstone, supplemented bv Subsequent Statutory Enactments, Im- 
portant Legal Decisions, &c. Bv D. M. AiSD, of the Middle Temple. 
Barrister-at-Law. Post 8vo. 7«. Gd. 

A HISTOBT and EXPLANATION of the STAMP DUTIES : contain- 
ing B«marks on the Origin of Stamp Duties ; a History of the Stamp 
Duties from their Commencement to the Present Time ; Observations on 
the Past and Present State of the Stamp Laws; an Explanation of the 
System and A<1 ministration of the Tax; Observations on the Stamp Duties 
in force in Foreign Countries : and the Stamp Laws at present in force in 
the United Kingdom. By Stephen Dowell, ,M.A. Assistant-Solicitor of 
Inland Revenue. 8vo. 12«. dd. 

PEWTNEB'S COMPBEHENSIYB 8PECIFIEB ; a Guide to the 
Practical Specification of every kind of Building- Artificers' Work; with 
Forms of Building Conditions and Atnreemenits, an Appendix, Foot-Notes, 
and a copious Index. Edited by W. Youno. Architect. Crowu 8vo. price Bt» 

COLLIEBIES and COLLIIEKS ; a Handbook of the Law and Leading 
Cases rolating thereto. By J. C. FowLEB, of the Inner Temple, Barrister. 
Third Edition. Fcp. Svo. Is. 6d, 

The MATEBNAL MANAGEMENT of CHILDBEN in HEALTH and 

Disease. By Thomas Bull, M^D. Fcp. 6«. 
HINTS to MOTHEBS on the MANAGEMENT of their HEALTH 
during the Period of Pregnancy and in the Lying-in Boom. By the late 
Thomas Bull. M.D. Fcp. 5«. 

HOW to NTJBSE SICE CHILDBEN; containing Directions which 
may be found of service to all who have charge of the Young. By Chablbs 
West, M.D. Second Edition. Fcp. Svo. Is. 6d. 

NOTES on LYING-IN INSTITUTIONS ; with a Proposal for Oi^- 
nising an Institution for Training Midwives and Midwifery Xurses. By 
Floebnce Nightingale. With 5 Plans. Square crown Svo. 7«. 6d, f 

CHESS OPENINGS. By F. W. Longman, Balliol College, Oxford. 

Fcp. Svo. 2s. Gd. 
THE THEOBY OF THE MODEBN SCIENTIFIC GAME OF WHIST. 

By William Pole, F.R.S. Mus. Doc. Oxon. Fifth Edition, eulai^ed. 
Fcp. Svo. price 2*. 6d. 

A PBACTICAL TBEATISE on BBEWING ; with FormulaB for Public 
Brewers, and Instructions for Private Families. By W. Black. Svo. lOs.dd, 

MODEBN COOEEBY for PBIYATE FAMILIES, redaced to a System 
of Easy Practice in a Series of carefully-tested Receipts. By Eliza Actok. 
Newly revised and enlarged Edition ; with 8 Plates of Figures and 160 
Woodcuts. Fcp. 6«. 

WILLICH'S POPTJLAB TABLES, for ascertaining, according to the 
Carlisle Table of Mortality, the value of Lifehold, Leasehold, and Church 
Property, Renewal Fines, Reversions, &c. Seventh Edition, edited by 
Montague Maekiott, Barrister-at-Law. Post Svo. price 10». 

MATTNDEB'S TBEAST7BY of KNOWLEDGE and LIBBABT of 

Reference: comprising an English Dictionary and Grammar, Universal 
Gazetteer, Classical Dictionary, Chronolojry, Law Dictionary, a Synopsis 
of the Peerage, useful Tables &c. Revised Edition. Fcp. Svo. price 6«« 
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Element! of BoUny ..■ •• •••«• IS 

Ezjjoott'8 Conunenteiy <m Ephesiam. ... SI 

^_ _____ OalatUns .... SI 

PsitonlEiiift. SI 

.^ ^ FhilippUuQitte. SI 

_ Thenaloniaiu SI 

- Lectniet on the lift of Christ.. SI 

BBMBSn*! Surgery 16 



BVAITB^B Ancient Stone Implement! IS 

XWALD*B History of Inmel SI 



FAIlBiDUi*B AppUcttttonsof Irtm 19 

...^ Informetion ftv Ensineerf .. 19 

'- Mills and MiUiraric 19 

Fabadat's LiilB and Letters 5 
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